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SECTIONZERO________________Executive Summary
This document provides a Baseline Human Health Risk Assessment (HHRA) for site related
chemicals identified in various environmental media at the St Louis Army Ammunition Plant
(SLAAP) located in St Louis Missouri The methodologies used in performing this risk
assessment are consistent with guidelines established by the U S Environmental Protection
Agency (USEPA) in Risk Assessment Guidance for Superfund (RAGS) (USEPA 1989a) and the
Missouri Department of Natural Resources (MDNR) in Cleanup Levels for Missouri (CALM)
(MDNR 2001) This HHRA was prepared on behalf of the U S Army Corps of Engineers
(USAGE) Kansas City District (CENWK) and Base Realignment and Closure (BRAC)
Headquarters under URS Group Inc (URS) Contract number DACW41 96 D 8014
Task Order 0019
The St Louis Ordnance Plant (SLOP) was constructed in 1941 as a 276 acre small arms
ordnance plant that produced 30 and 50 caliber munitions In 1944 21 05 acres in the
northeast portion of SLOP were converted from small arms munitions production to 105 mm
Howitzer shell production and this portion was designated as SLAAP Additional land was
acquired on the north side of SLOP Currently the SLAAP property contains seven unoccupied
buildings that were used to house SLAAP s main operating processes
Previous investigations demonstrated the presence of a number of chemicals in soil and
groundwater at the Site This HHRA evaluated potential risks and hazards for soils and
groundwater in support of the Finding of Suitability to Transfer (POST) process Contaminants
in shallow soils (005 feet bgs) combined surface and subsurface soils (0 10 feet bgs) and
groundwater were characterized as part of the Site Specific Environmental Baseline Survey
(SSEBS) These data were screened against risk based screening values including both the
Preliminary Remediation Goals (PRGs USEPA 2002a) and CALM screening values (MDNR
2001) to identify the Chemicals of Potential Concern (COPCs) for quantitative evaluation in the
HHRA
At the present time a number of buildings are present at SLAAP and one building that was
present at the beginning of this investigation (Building 3) has since been removed The fate of
the remaining buildings is currently unknown To address the uncertainty of which buildings
may or may not remain onsite the HHRA evaluated soils under each building railroad roadway
and the Northeast parking area as separate exposure areas In the event that any existing Site
features were demolished, this provides the information necessary to address the risks associated
with newly exposed soils This approach also addresses the fact that different industrial
activities occurred in different buildings former buildings or other Site areas and that different
chemicals and chemical concentrations are found in each of these In addition risks and hazard
indices were calculated for numerous hotspots across the Site as well as on a Site wide basis
Several different land use scenarios were evaluated in the HHRA in order to allow Site decision
makers to make informed decisions about future uses of the property Alternative scenarios
evaluated included trespassers commercial/industrial workers and hypothetical future residents
potentially exposed to surface soils (005 feet bgs) and excavation/construction workers
exposed to deeper soils (0 10 feet bgs) Cancer risks and hazard indices were calculated for each
of these scenarios under both Reasonable Maximum Exposure (RME) and Central Tendency
Exposure (CTE) conditions
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SICTIONZERO_________________Executive Summary
For soils at most areas of the Site and for Site wide groundwater the RME cancer risks were
within or below the target nsk range of 10"4 to 10 6 identified m the National Oil and Hazardous
Substances Pollution Contingency Plan (USEPA 1990) most hazard indices were below the
threshold of 1 and most blood lead levels were below 10 micrograms/decihter The CTE cancer
risks hazard indices and blood lead levels were even lower

Areas found to exceed a cancer nsk of 10"4 or hazard index of 1 are listed below

• Building 2 An RME hazard index of 3 was calculated for a hypothetical future resident
Aroclor 1248' was the primary contributor to this elevated hazard index The CTE hazard
index for this receptor was 0 4

• Building 5 An RME hazard index of 6 and a cancer nsk of 2 X 10 4 was calculated for a
hypothetical future resident The CTE hazard index was 1 and the CTE cancer nsk was 2 X
10 5 The pesticide DOT was the pnmary contnbutor to the hazard index DOT and
benzo(a)pyrene were the pnmary contnbutors to the cancer nsks

• Hotspot 2 This Hotspot covers the majonty of the Building 2 footpnnt An RME hazard
index of 2 was calculated for a residential scenano The CTE hazard index was 0 4 Aroclor
1248 was the pnmary contnbutor to this hazard index

• Hotspot 5 A This Hotspot covers a small portion of the Building 5 footpnnt RME cancer
nsks were 1 X 10 3 for residents and 3 X 10"4 for industrial/commercial workers CTE
cancer nsks were 4 X 10 4 for residents and 2 X 105 for mdustnal/commercial workers RME
Hazard indices were 33 for residents and 3 for mdustnal/commercial workers CTE Hazard
indices were 15 for residents and 1 for industrial/commercial workers DDT was the pnmary
contnbutor to the hazard index DDT and benzo(a)pyrene were the pnmary contnbutors to
the cancer nsks

• Site wide soils Site wide nsks and hazards were calculated by combining soil samples from
across the entire Site The RME hazard index was 6 for the residential scenano and the CTE
hazard index was 1 The pnmary contnbutors to the elevated hazard index were Aroclor
1248 Aroclor 1254 and DDT It is important to note that while these hazards are defined as
Site wide the distnbution of these chemicals is relatively limited to a few portions of the

Site

• Areas found to exceed recommended thresholds for PbB levels are listed below

• Hotspot 5 A This Hotspot covers a small portion of the Building 5 footpnnt For non
residential scenanos the probabilities that fetal PbB would exceed the PbBt(i e 10 ug/dL)
range from 0 6 to 30 2% exceeding the 5% threshold recommended by USEPA For the
residential scenano modeled PbB levels ranged from 10 4 to 174 ug/dL exceeding the
threshold of 10 ug/dL recommended by USEPA

1 The term PCB 1248 and Aroclor 1248 are synonymous terms as are PCB 1254 and Aroclor 1254
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SEGTIONZERO Executive Summary

Hotspot 7C This Hotspot covers a small portion of the Building 7 footprint For non
residential scenarios the probabilities that fetal PbB would exceed the PbBt (i e 10 ug/dL)
range from 0 6 to 12 2% exceeding the 5% threshold recommended by USEPA For the
residential scenano modeled PbB levels ranged from 6 3 to 11 0 ug/dL exceeding the
threshold of 10 ug/dL recommended by USEPA
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SECTIONONE Introduction

This document provides a Human Health Risk Assessment (HHRA) for site related chemicals
identified in various media at the St Louis Army Ammunition Plant (SLAAP) located in St
Louis Missouri Previous investigations have indicated the presence of a number of chemicals in
soil and groundwater at the Site The primary goal of this HHRA is to address whether these
chemicals pose a potential health threat to current and reasonably anticipated future receptor
populations
This document was prepared on behalf of the U S Army Corps of Engineers (USAGE) Kansas
City District (CENWK) and Base Realignment and Closure (BRAG) Headquarters under URS
Group Inc (URS) Contract number DAGW41 96 D 8014 Task Order 0019
The U S Army has designated the SLAAP property for transfer The results of this risk
assessment will be used to support the property transfer consistent with the Finding of Suitability
to Transfer (POST) process in accordance with American Society for Testing and Materials
(ASTM) Method D 6008 96 Standard of Practice for Environmental Baseline Surveys and
ASTM Method E 1527 97 Standard Practice for Environmental Site Assessments Phase I
Environmental Site Assessment Process (ASTM 1996) The POST process determines that a
real property is environmentally suitable for transfer because

• The property has never been contaminated (i e no release or disposal of hazardous
substances or petroleum products has occurred) or

• The property has been contaminated but is still suitable for transfer because
environmental remedial actions have been taken to protect human health and the
environment consistent with the property s intended use or
the contamination is present at levels that do not represent a threat to human health and
the environment consistent with the intended use

The technical approaches and assumptions used in this nsk assessment are based on information
presented in the Site Specific Environmental Baseline Survey (SSEBS) Sampling and Analysis
Plan (URS 2002) and technical scoping discussions among the Missouri Department of Health
and Senior Services (MDHSS) Missouri Department of Natural Resources (MDNR) USAGE
and URS The methodologies used in performing this nsk assessment are consistent with
guidelines established by the U S Environmental Protection Agency (USEPA) in Risk
Assessment Guidance for Superfund (RAGS) (USEPA 1989a) and the MDNR in Cleanup
Levels for Missouri (CALM) (MDNR 2001) The nsk assessment was conducted using the
steps listed below and detailed in following sections

• Site Descnption/Background Information

• Identification of Chemicals of Potential Concern

• Exposure Assessment

• Toxicity Assessment

• Risk Charactenzation

• Uncertainty Analysis
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SECTIONONE _____________________ Introduction

In addition nsk calculation spreadsheets are presented in Attachment A and detailed evaluation
of data is presented m Attachment B

1 1 SITE DESCRIPTION
The SLAAP property (Site) is an approximately 21 acre site that is located in an urban mixed
use (commercial industrial and residential) neighborhood adjacent to Interstate 70 in St Louis
Missouri The Site is bounded on the north by Interstate 70 (I 70) on the west by Goodfellow
Boulevard on the south by PURO Chemical Division (PURO) and the east by Riverview
Boulevard Commercial and industrial properties directly border the Site The nearest residential
neighborhoods are located behind commercial properties on the west side of Goodfellow
Boulevard and across I 70 to the north

The Site has been vacant since 1 998 The SLAAP property contains seven unoccupied
buildings Except for small grassy areas buildings and asphalt cover the SLAAP property A
railroad spur that once served the former Building 202 ABC (renumbered as Building 3) remains
near the middle of the property Building 3 was recently demolished as part of a polychlonnated
biphenyl (PCB) remediation effort (Arrowhead Contracting 2003) A security fence
encompasses the Site The general layout of the Site is shown in Figure 1-1

12 SITE HISTORY
The St Louis Ordnance Plant (SLOP) was constructed in 1941 as a 276 acre small arms
ordnance plant that produced 30 and 50 caliber munitions In 1944 2 1 05 acres in the
northeast portion of SLOP were converted from small arms munitions production to 1 05 mm
Howitzer shell production and this portion was designated as SLAAP Additional land was
acquired on the north side of SLOP Currently the SLAAP property contains seven unoccupied
buildings that were used to house SLAAP s main operating processes
After World War II SLAAP was placed on standby status It was reactivated from
November 1 95 1 to December 1 954 and again from November 1 966 to December 1 969 to
support 1 05 mm Howitzer shell production The plant was maintained and operated by the
Chevrolet Shell Division of General Motors from 1951 until 1958 by the U S Defense
Corporation from 1958 to 1966 and by the Chevrolet Motor Division of General Motors from
1966 until 1972 when Donovan Construction Company was awarded the maintenance and
surveillance contract
In 1984 buildings at SLAAP were renovated to house filing and administrative operations by
more than 500 personnel from the U S Army Aviation Systems Command From 1986 to 1990,
SLAAP was under the command of the U S Army Armament Munitions and Chemical
Command In 1989 the Department of the Army determined that SLAAP was no longer
required to support its munitions mission and most industrial equipment was removed from the
plant In 1 990 plant ownership and control were placed under the U S Army Aviation and
Troop Command As of 1993 SLAAP maintenance and surveillance activities were being
subcontracted by Donovan Construction Company to Plant Facilities and Engineering Inc
From 1998 to the spring of 2003 SLAAP was vacant and under the control of U S Army
Aviation and Missile Command The Army BRAC program assumed responsibility for the Site
in the spring of 2003
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SECTIONONE____________________Introduction

13 SITE GEOLOGY
The geology of the SLAAP property based on the Comprehensive BBS Report (TTEMI 2000)
and initial and Contingency Sampling Program field investigations for the SSEBS generally
consists of fill materials lean clay (silty clay) fat clay and cherty gravel overlying
Pennsylvanian age shale Underlying the shale is the Mississippian age St Genevieve limestone

Fill matenal consisting of a thin layer of gravel (typically one foot thick) is usually present
underneath asphalt and concrete In addition fill matenal consisting of lean clay is encountered
throughout the Site generally ranging in thickness from 1 to 8 feet However since the fill
matenal was likely cut from adjacent lean clay portions of the Site the interface is not clear and
the true depth of the fill may be significantly deeper in some portions of the Site than descnbed
on the bonng logs Underlying the fill matenal is lean clay and in most of the bonngs fat clay is
underlying the lean clay The thickness of the fill/lean clay/fat clay overburden matenals
overlying the shale range from approximately 14 to 26 feet
Shale was encountered in ten of the thirteen momtonng well bonngs and twelve soil bonngs
completed dunng the Comprehensive EBS and SSEBS investigations at depths ranging from 12
to 31 9 feet bgs The maximum thickness of shale encountered was 15 feet however all of these
bonngs were terminated pnor to reaching the bottom of the shale unit According to the
Comprehensive EBS a soil bonng dnlled in 1971 at SLAAP encountered a medium hard
medium to fine grained limestone (St Genevieve limestone) at 65 feet and the bedrock units
beneath the Site were reported as flat lying (TTEMI 2000)

14 SITE HYDROGEOLOGY
Bedrock units in and around St Louis are capable of yielding varying amounts of groundwater
Well yield depends on site specific geologic and well charactenstics Most wells in the St Louis
area yield a maximum of 50 gallons per minute from depths down to 800 feet bgs (USATHMA
1979) These wells are screened in limestones and sandstones ranging in age from Mississippian
to Ordovician Water yields of up to 1 955 gallons per minute (gpm) can be expected from wells
dnlled in thick alluvial deposits that contain little silt or clay like matenal However no potable
water wells are reported to exist within 3 miles down gradient of SLAAP (USAEHA 1993)

No surface water is present on the SLAAP property The closest body of water the Mississippi
River is located about 3 miles from the property Stormwater on the property is collected by
catch basins that discharge to the Metropolitan St Louis Sewer Distnct combined sewer system
Regional groundwater flow in the SLAAP area is north northeast toward the Mississippi River
The stormwater runoff in St Louis County discharges to the Missoun River to the north the
Mississippi River to the east and the Meramec River to the south

1 5 EXPOSURE AREAS EVALUATED IN THE HHRA
At the present time a number of buildings are present at SLAAP Building 3 has been recently
demolished and the contaminated soils have been removed (Arrowhead Contracting 2003) The
fate of the remaining buildings is unknown To address this uncertainty the nsk assessment has
evaluated soils under buildings (and former buildings) separately as individual exposure areas
Specifically this approach
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SECTIONONE_____________________Introduction

• Provides an evaluation of potential risks should one or more buildings be removed and

• Addresses the fact that different industrial activities occurred in different buildings and that
each building contains specific chemicals and chemical concentrations related to those past
activities

In addition to calculating risks for the individual building exposure areas the nsk assessment
also evaluated potential risks based on
• Site wide soil data
• Hotspot soil data and

• Site wide groundwater data
A detailed discussion of the individual exposure areas evaluated in the HHRA is presented in
Section 3 3
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SECTIONTWO Chemicals of Potential Concern

The first step in the risk assessment process is the identification of the Chemicals of Potential
Concern (COPCs) to be considered for the estimation of potential risks The COPCs are a subset
of all of the chemicals detected at the Site representing those chemicals that have the greatest
potential to pose risks for the Site By careful screening of Site data the nsk assessment can
limit the chemicals undergoing a full evaluation without underestimating overall Site risks
Site related risks were determined for individual exposure areas for soils i e on an area by area
basis and on a site wide basis for groundwater Because of this COPCs differed from one area
to another and between different media

2 1 IDENTIFICATION OF SOIL COPCs
Previous soil sampling indicated the presence of a limited number of chemicals at the Site Soil
COPCs were developed independently for each exposure area Soil analytical results from each
exposure area were compared with nsk based screening criteria specifically USEPA Region IX
Preliminary Remediation Goals (PRGs) for Residential Soil (USEPA 2002a) and MDNR
Cleanup Levels for Missouri (CALM) residential soil (Scenario A) values (MDNR 2001) The
nsk based screening levels used for each target analyte in soil are presented in Table 4 2 of the
SSEBS (URS 2004) Any chemical with a detected concentration exceeding either screening
value was retained as a COPC for soil in that exposure area Chemicals with no detected
concentrations in an exposure area were not considered COPCs
For purposes of evaluating potential exposure to surface and subsurface soils by different
receptor populations soil COPCs were separated into two groups Potential exposures to surface
soils were based on soil analytical data collected from 0 to 6 inches bgs Because the deepest
trench that a future excavation worker is reasonably expected to dig is about 10 feet bgs
exposures to subsurface soils were based on soil analytical data collected from 0 to 10 feet bgs
Summanes of analytical data for soil sampling results in each exposure area with companson to
screening cntena and selection of COPCs are presented in Attachment B

2 2 IDENTIFICATION OF GROUNDWATER COPCs
As noted previously groundwater in the vicinity of the Site is not used as a dnnkmg water
source The only potential direct exposure to groundwater is if a Future Excavation Worker were
to trench into areas containing shallow groundwater (i e 0 to 10 ft bgs) Groundwater analytical
results were compared with PRGs for Tap Water (USEPA 2002a) and CALM groundwater
target concentrations (MDNR 2001) The nsk based screening levels used for each target
analyte in groundwater are presented in Table 4-3 of the SSEBS (URS 2004) Any chemicals
found in shallow groundwater above the groundwater screening values were retained as COPCs
for the purpose of evaluating direct exposure
In addition to direct contact there is the potential for inhalation of volatile contaminants i e
volatile organic compounds (VOCs) released from groundwater This could include areas where
the depth to groundwater is greater than the depth of excavation (i e > 10 feet bgs) VOCs found
to be present in the uppermost groundwater unit at concentrations exceeding their respective
screening concentrations were retained as COPCs even when groundwater is located greater
than 10 ft bgs For this nsk assessment a volatile contaminant was defined as a contaminant
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SECTIONTWO_____________Chemicals of Potential Concern

having both a molecular weight less than 200 and a Henry s Law Constant greater than 10 5 atm
m3/mole (USEPA 199la)

2 3 TREATMENT OF CHEMICALS DETECTED IN BACKGROUND SAMPLES
Some compounds were present at the Site in exceedance of the screening criteria due to naturally
occurring background conditions or non site related anthropogenic activities These include
metals and essential nutrients present in soil throughout the entire geological area surrounding
the Site Additionally along the railroad these included the same metals and essential nutrients
along with semi volatile organic compounds (SVOCs) typically associated with normal railroad
operations (i e railroad tie preservatives and releases from diesel engines) that may be
unrelated to Site impacts USEPA has recently developed guidance for addressing risks
associated with background chemicals (USEPA 2002b) Consistent with this guidance the risk
assessment evaluated background as follows

• For inorganic chemicals such as arsenic Site levels were compared to both risk based
screening levels and local background

If the concentrations were within the local background range and below the risk based
screening levels they were excluded from further evaluation in the risk assessment

If the concentrations were within the local background range but exceeded the risk based
screening levels they were identified as COPCs COPCs in this category were not
evaluated quantitatively in the nsk assessment but were discussed in the uncertainty
analysis
If the concentrations exceeded the local background range but were below the nsk based
screening levels they were excluded from further evaluation in the nsk assessment
If the concentrations exceeded the local background range and the nsk based screening
levels they were retained as COPCs for quantitative evaluation in the nsk assessment

• All organic chemicals are assumed to be of anthropogenic ongin (i e not naturally
occumng)

If the maximum concentrations were below the nsk based screening levels they were
excluded from further evaluation in the nsk assessment
If the concentrations were above the nsk based screening levels they were retained as
COPCs for quantitative evaluation in the nsk assessment
Several background locations were selected along the railroad in order to differentiate
those chemicals that were related to normal railroad operations from those that were
related to industnal activities at SLAAP This sampling focused on a subgroup of
SVOCs the polynuclear aromatic hydrocarbons (PAHs) typically associated with
railroads Risks associated with these background chemicals were evaluated
quantitatively in the nsk assessment The nsk assessment discusses the overall nsks
associated with railroad areas on the SLAAP property as well as the relative contnbution
from non site specific and site specific sources

I \16529173SLAAP\RISKASSESSMENT\DRAFTFINAL\SLAAPHHRADOC\17 MAR-04^



SECTIONTHREE Exposure Assessment

The purpose of the exposure assessment is to estimate the magnitude of potential chemical
exposure among various receptor populations The steps required to perform an exposure
assessment include the following

• Identification of potential receptor populations

• Evaluation of potential exposure pathways for completeness

• Evaluation of exposure parameters

• Estimation of exposure point concentrations
The approach used in this HHRA was to incorporate conservative exposure assumptions when
estimating the magnitude of potential exposures so that potential risks posed by the Site were
not underestimated At the same time exposure scenarios that were considered unlikely were
excluded since they do not reflect realistic exposure conditions Scenarios and exposure
assumptions used in this HHRA were previously submitted and approved in the SSEBS
Sampling and Analysis Plan (SAP) (URS 2002)

In this risk assessment exposure is defined for both central tendency exposure (CTE) and
reasonable maximum exposure (RME) conditions The RME is meant to represent the maximum
exposure for an individual in a population that could reasonably be encountered The CTE
represents the exposure for an individual under average conditions

3 1 IDENTIFICATION OF POTENTIAL RECEPTOR POPULATIONS
A receptor population is identified as an individual or group of individuals that may potentially
be exposed to Site related chemicals The potential receptor populations may include both
present and hypothetical future populations Because land use conditions vary by exposure area
potential receptor populations may vary by area Potential receptor populations for the SLAAP
property and their definitions are summarized below

• Current Trespasser/Site Visitor Current trespassers or sporadic visitors to the Site
property

• Future Industrial/Commercial Worker Hypothetical future employees of potential
industrial or commercial properties on the Site The Future Industrial/Commercial Worker is
assumed to work outside performing non intrusive duties (i e not involved in soil
excavation)

• Future Excavation/Construction Worker Hypothetical future employees or contractors
who perform soil excavation duties (e g utility installation/repair foundation construction)
in which they are potentially exposed to contamination in subsurface soil and shallow
groundwater

• Future Resident Hypothetical future residents who may live on the Site in the unlikely
event that it is converted to a residential property

While these four exposure scenarios do not represent every potential receptor population that
could conceivably exist at SLAAP they are considered the most conservative (i e high end
exposure) populations that are likely to be encountered at the Site Although other receptor
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populations may potentially be present at the Site exposure to Site related contaminants by these
populations is likely to be more sporadic and involve less intensive contact

3 2 EVALUATION OF POTENTIAL EXPOSURE PATHWAYS
An exposure pathway is a mechanism by which a receptor may come into contact with a
chemical Once exposure occurs the potential exists for the chemical to pose a health risk to the
receptor An exposure pathway consists of the following four necessary elements as defined in
RAGS(USEPA 1989a)

• a chemical source and a mechanism of chemical release

• a medium of transport for the chemical

• an exposure point at which the receptor may make contact with the chemical

• an exposure route through which chemical uptake by the receptor may occur
The evaluation of potential exposure pathways for completeness of the four elements is critical
Each of these four elements must be present for an exposure pathway to be complete The
absence of any one of these elements results in an incomplete exposure pathway Health nsks do
not exist in an incomplete exposure pathway Only potentially complete pathways are addressed
in the risk assessment

Figure 3 1 presents a site conceptual exposure model (SCEM) for the SLAAP facility This
figure is a visual depiction of potential exposure pathways and the sources and mechanisms by
which each receptor population might be exposed Potentially complete and significant exposure
pathways are indicated with solid lines
Exposure scenarios are developed based on current uses of the Site as well as potential future
uses Given that the Site is not an active facility at this time and that access is controlled by
security fencing current exposure is likely to be restricted to occasional Site visitors and
trespassers The most likely future property use at SLAAP is assumed to be industrial or
commercial Excavation work associated with future building construction utility installation
and maintenance etc is likely Residential development is considered to be unlikely for all
portions of the Site for the foreseeable future However because many of the properties
surrounding the Site are residential and in order to be able to evaluate whether the property can
be transferred without restriction this hypothetical future land use was evaluated in the HHRA
Groundwater is not used at the Site for either drinking water or industrial purposes
Groundwater is not used as a drinking water source in the City of St Louis Additionally the
City of St Louis has established Ordinance 13 272 (City of St Louis 1885) that prohibits the
installation of drinking water wells within the city limits indicating that Site groundwater will
not be used as a source of drinking water Thus groundwater was not evaluated as a drinking
water source for current or future receptors in the HHRA Incidental exposure to shallow
groundwater could occur via excavation activities and releases of VOCs from groundwater
could result in exposure to individuals in excavation trenches or inside buildings These
pathways are evaluated in the HHRA
Given the current conditions and anticipated future use of the facility the following receptor
populations were evaluated in the HHRA
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• Current Trespasser/Site Visitor Currently most areas of the Site are covered by buildings
or paved Trespassers or visitors could contact contaminated soils around the periphery of
the property in areas of exposed surface soil Exposure could occur via direct dermal contact
or incidental mgestion of soil or inhalation of dust The inhalation exposure route is
considered insignificant relative to the other two routes since exposed soils are vegetated and
thus unlikely to generate substantial amounts of dust The HHRA quantitatively evaluated
direct dermal contact and incidental mgestion of exposed surface soils by current
trespassers/visitors A future trespasser/visitor scenario was not quantitatively evaluated in
the HHRA since more conservative (e g health protective) future use scenarios were
evaluated
In addition to soil exposure current trespassers could also be exposed to contaminants in
buildings at SLAAP As described below building exposures cannot be adequately
addressed using USEPA s risk assessment process as descnbed in RAGS (USEPA 1989a)

• Future Industrial/Commercial Worker Given that the most likely future use of the Site is
as a commercial/industrial facility the future worker scenario is considered the most realistic
future scenario for the facility In contrast to the trespasser exposure by workers could occur
anywhere on Site including areas that are currently paved or covered with buildings since it
is likely that some or all of the buildings currently on site will be removed in the future For
purposes of the HHRA workers could be considered anybody who works at the Site on a
daily basis for an extended period of time (years) Industrial/commercial workers could be
exposed to surface soils via direct dermal contact incidental mgestion and inhalation As
was true for the trespasser inhalation of dust was considered minor/insignificant and was
not evaluated quantitatively

• Future Excavation/Construction Worker Construction workers utility workers and other
excavation workers could be exposed to both surface and subsurface contamination during
any type of excavation work For industrial/commercial workers exposure could occur from
direct dermal contact and incidental mgestion of surface soils and inhalation of VOCs
released from the underlying groundwater For purposes of the HHRA excavation work was
evaluated for soils ranging from 0 10 ft bgs consistent with the deepest routine depth
anticipated for utility lines

• Hypothetical Future Resident Although residential use of the property is unlikely a
hypothetical resident (combined adult/child scenario) was evaluated for potential exposure to
surface soil and VOCs This scenario uses the same exposure routes used for the
industrial/commercial worker (direct dermal contact incidental mgestion and inhalation of
VOCs released from the underlying groundwater) Residential scenarios are generally
considered the most conservative scenarios evaluated in a HHRA thus the inclusion of this
scenario in the HHRA should provide a conservative (health protective) estimate of potential
risks for other populations that may be present on site but that were not evaluated
quantitatively

Residential exposure to groundwater via mgestion is not currently considered likely since it
is illegal to construct a domestic supply well within the city of St Louis Additionally
groundwater contamination was fully characterized as part of the SSEBS (URS 2004)
Limited perched and turbid groundwater was found on site In addition monitoring wells
had yields that were very poor It is unlikely that on site groundwater would be usable as a
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domestic water supply Based on this the HHRA did not quantitatively evaluate groundwater
as a potential drinking water source

It should be noted that this risk assessment does not provide a quantitative evaluation for
ecological risks associated with the Site The limited area of the Site not covered by buildings or
pavement offers minimal habitat of poor quality (i e mowed lot) and there are no surface water
bodies present at the Site As identified by MDNR (1993) there are no endangered species in
the vicinity of the Site Ecological risks associated with the Site are assumed to be negligible

Several buildings currently on site are likely to contain some level of contamination Current
risk assessment protocols cannot accurately estimate risks associated with chemicals on the walls
and floors of buildings The potential acceptability of contamination in the building related
materials are evaluated based on comparisons to standards for lead asbestos and PCBs A
discussion of potential human exposure to contaminated building material as described above is
included in this HHRA (Section 5 2 14) From a risk perspective it should be noted that the
buildings are not occupied at this time nor are they likely to be occupied in the future without
requiring substantial renovation first Such renovation (e g cleaning painting wall partitions
new flooring active ventilation system etc) would undoubtedly reduce or eliminate potential
exposure to any residuals on the building materials

3 3 EXPOSURE AREAS
At the present time a number of buildings are present at SLAAP and one building that was
present at the beginning of this investigation (Building 3) has been removed The fate of the
remaining buildings is currently unknown To address the uncertainty of which buildings may or
may not remain the risk assessment evaluated the footprints under each building railroad
roadway and the Northeast parking area as separate exposure areas In the event that any
existing Site features were demolished this provides the information necessary to address the
risks associated with newly exposed soils This approach also addresses the fact that different
industrial activities occurred in different buildings former buildings or other Site areas and that
different chemicals and chemical concentrations are found in each of these In addition to
calculating risks for the individual exposure areas the risk assessment also calculated risks as
follows

• Site wide data Risk calculations were performed for all soils treating them as a single
exposure unit This provides nsk information in the event that all current structures (i e
buildings parking lots roadways railroads etc) are removed

• Hotspot data A number of potential hotspots were evaluated as part of the SSEBS (URS
2004) Potential hotspots are relatively small areas where known or suspected releases
may have occurred Examples include stained soils under machinery locations where the
Comprehensive BBS (TTEMI 2000) found chemicals present above screening levels or
areas where chemicals were known to have been handled but where no data existed These
hotspot areas typically cover a small fraction of the area covered by the building with which
they are associated For purposes of the nsk assessment all soil data collected from the 0 10
foot bgs interval during the SSEBS including those designated as nsk assessment samples
in the SAP (URS 2002) were included in the hotspot evaluation Hotspots were defined
as discrete areas of contamination where one or more chemicals were present above
screening levels (e g exceedances ) A hotspot could consist of one or more samples In
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the event that adjacent samples showed exceedances they were pooled as a single hotspot
Samples with no exceedances were used to identify the boundaries of the hotspots and were
not included in the hotspot dataset when calculating risks

• Although groundwater in the vicinity of the Site is not used as a drinking water source
exposure is possible if shallow groundwater is contacted by excavation workers or if VOCs
are released from groundwater into overlying buildings Potential exposure to groundwater
at the Site is evaluated in this HHRA on a Site wide basis

A summary of the individual exposure areas and hotspots evaluated in the HHRA is presented in
Table 3 1 and shown on Figures 3-2 and 3-3

3 4 EVALUATION OF EXPOSURE ASSUMPTIONS
In order to calculate the chronic daily intake of Site contaminants and to estimate the associated
potential health risks a number of exposure parameters must first be defined and quantified The
exposure parameter values used in this nsk assessment have been selected from the Exposure
Factors Handbook (USEP A 1997a 1989b) Office of Solid Waste and Emergency Response
(OSWER) Directive 9285 6 03 (Standard Default Exposure Factors USEPA 1991b) RAGS
(USEPA 1989a) Peer Review Draft Supplemental Guidance for Developing Soil Screening
Levels for Superfund Sites (USEPA 2001 a) and through the use of professional judgement
Exposure was evaluated for both RME and CTE exposure The RME is an estimate of the
maximum exposure that can reasonably be expected to occur The CTE represents a more
typical exposure for the average individual As stipulated in Section 4 of the approved SAP
(URS 2002) the exposure parameters used in the nsk calculations are listed in Table 3-2 and
described in the following paragraphs

341 Averaging Time
The assumed hfespan used as the averaging time for evaluating carcinogens as given in the
OSWER Directive 9285 6 03 (USEPA 1991b) is 70 years (25 550 days) for all receptors
The averaging time used for evaluating non carcinogens is based on the duration and frequency
of exposure For exposure pathways with exposure durations of more than one year the
averaging time for non carcinogens is calculated by multiplying the exposure duration times
365 days/year For the Future Excavation/Construction Worker pathway which has an exposure
duration of less than one year the averaging time for non carcinogens is an estimate of the total
number of days that the construction activity would take to complete (including weekends and
holidays) An estimate of 42 days was used for CTE and 84 days for RME

342 Exposure Duration
Exposure duration refers to the number of years in which exposure occurs On site workers were
assumed to have an RME duration of 25 years as given in OSWER Directive 9285 6 03
(USEPA 1991b) A CTE exposure duration of 5 years was assumed based on information
supplied by the Bureau of Labor Statistics (U S Department of Labor 1992) showing 5 years to
be the average time an individual spends at one job
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For the Hypothetical Future Resident the RME exposure duration was assumed to be 30 years
(24 years as an adult and 6 years as a small child) which is the 90th percentile for an individual
living in a single residence (USEPA 1989b) Nine years (3 years as an adult 6 years as a small
child) which is the 50th percentile for an individual living at a single residence was used to
evaluate the CTE scenario These same exposure durations were used to evaluate the trespasser
scenario based on the assumption that a trespasser could be a local resident however it was
assumed that trespassers were either older children (greater than 6 years old) or adults
Utility installation or building construction is considered the most likely future Site specific
excavation activity This type of activity generally occurs over a relatively short duration
Based on professional judgment this activity was estimated to be completed within one year for
both the RME and the CTE scenarios

343 Exposure Frequency
Exposure frequency refers to the total number of days per year spent at the Site
On site workers were assumed to spend 250 days per year on site for both RME and CTE
exposure based on a 5 day working week for 50 weeks per year (OSWER Directive 9285 6 03
USEPA 1991b)
Excavation/construction workers were assumed to have an exposure frequency of 60 days (12
workweeks) and 30 days (6 workweeks) for RME and CTE exposure respectively This was
based on professional judgement regarding the number of workdays subsurface construction
would take to complete as discussed in the SAP (URS 2002)
Because of the location of the Site and the limited size of the evaluated exposure areas
trespassers were assumed to visit the Site on an infrequent basis It was assumed that the
trespasser will visit the area 12 days per year for RME and 6 days per year for CTE exposure as
discussed in the SAP (URS 2002)
Residents were evaluated using the standard default assumption of 350 days per year for both the
CTE and RME scenario (USEPA 1991b)

344 Incidental Soil Ingestion Rate
The incidental soil ingestion rate refers to the amount of soil that is ingested daily via incidental
contact (e g hand to mouth contact) Missouri Industrial CALM values assume a soil ingestion
rate of 100 mg/day This value was applied to the assessment of an on site worker for the RME
exposure scenario For calculations of CTE exposure a value of 50 mg/day was used based on
recommendations by USEPA (1997a) for worker populations and the Standard Default Exposure
Factors (USEPA 1991b) These exposure estimations were also applied to the Site trespasser
scenario
Soil excavation activity may involve increased exposure to soil A soil ingestion rate of 330
mg/day as recommended by USEPA (USEPA 200la) was used to evaluate the RME exposure
scenario for the construction worker For calculations of construction worker central tendency
exposure a value of 100 mg/day was used This is the CTE ingestion rate for construction work
recommended by USEPA s Technical Review Workgroup for lead
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For RME residential exposure scenarios USEPA recommends the use of soil ingestion rates of
100 mg/day for individuals over the age of 6 years and 200 mg/day for 0 to 6 year old children
(USEPA 1991b) CTE soil ingestion rates were assumed to be one half the RME rate
(i e 50 mg/day for individuals over the age of 6 years and 100 mg/day for 0 to 6 year old
children)

345 Incidental Groundwater Ingestion Rate
The incidental groundwater ingestion rate refers to the amount of groundwater that is ingested
daily via incidental contact (e g hand to mouth contact) Based on professional judgement a
RME value of 2 ml/day was used as the incidental groundwater ingestion rate for excavation
activity A value of one half of the RME rate 1 ml/day was used for CTE exposure

346 Body Weight
The body weight for adults and children were obtained from OSWER Directive 9285 6 03
(USEPA 199Ib) The assumed body weight for adults is 70 kg This value was used for on site
workers excavation/construction workers adult residents and trespassers For 0 6 year old child
residents a time weighted average body weight of 15 kg was used

347 Surface Area of Exposed Skin
Exposed skin surface area is important when evaluating uptake of chemicals that are absorbed
dermally For dermal exposure to soil an RME surface area of 3 300 cm2 was used to evaluate
potential adult receptor scenarios (hypothetical on site workers, excavation/construction workers
trespassers and adult residents) and 1913 cm2 for the child resident based on the surface areas
of face forearms and hands (USEPA 1997a) For central tendency exposure the total exposed
surface area assumed to be limited to the head and hands is 2 000 cm2 for adults and 1440 cm2

for children (USEPA 1997a) The same adult skin surface areas were used for evaluating
potential exposure of excavation/construction workers to shallow groundwater

348 Dermal Soil Adherence Factor
Dermal soil adherence is used in conjunction with exposed skin surface area to define the total
amount of soil adhering to exposed skm surfaces An RME soil adherence rate of 0 9 mg/cm2

based on the 95th percentile reported in RAGS Part E (USEPA 2001b) was used to evaluate the
RME scenario for the excavation/construction worker scenario For the excavation/construction
worker scenario an adherence rate of 0 2 mg/cm2 was used to evaluate CTE exposure
For Site workers an RME adherence rate of 0 2 mg/cm2 was based on the value recommended
for commercial/industrial workers in the USEPA soil screening guidance (USEPA 2001 a) The
CTE adherence rate of 0 03 mg/cm2 was based on the reported mean soil adherence of soil to
hands head and arms for groundskeepers (USEPA 1997a)
For trespassers and residents RME and CTE adherence rates were taken from RAGS, Part E
(USEPA 2001b) An adherence rate of 0 3 mg/cm2 was used for RME and 0 04 mg/cm2 was
used for CTE based on the reported 95th percentile and mean soil adherence of soil to hands
head and arms for a soccer players (USEPA 1997a) (Note Soil adherence rates for
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residents/trespassers per se are not presented in RAGS Soccer players were chosen as a
surrogate for trespassers and residents because they represent an outdoor activity with relatively
high soil contact by youths)

349 Dermal Soil Absorption Factor
Dermal soil absorption factors used to estimate chemical absorption through the skin are
chemical class specific values Dermal soil absorption values identified in RAGS Part E
(USEPA 200Ib) were used in the nsk assessment This guidance indicates a dermal soil
absorption fraction of 10% for most semi volatile compounds and chemical specific values for
several others (including most of the SVOCs found at SLAAP) Unless otherwise specified
metals and volatile compounds were not evaluated for dermal exposure as indicated in the
guidance (USEPA 200Ib)

3410 Permeability Constant
The permeability constant is used when evaluating uptake of chemicals that are absorbed
dermally from aqueous media Chemical specific permeability constants as reported in RAGS
Part E (USEPA 2001b) were used to estimate dermal absorption of chemicals from water For
inorganic chemicals without chemical specific values the generic permeability constant for
water (0 001 cm/hour) was used

3411 Exposure Time
Exposure time used to evaluate inhalation by an excavation/construction worker refers to the
number of hours per day in which the exposure occurs A standard workday is eight hours long
The RME exposure time for the future excavation/construction worker of 4 hours per day
assumes that half of that time is spent actually working in the trench A CTE exposure duration
of 2 hours per day was assumed based on professional judgement

3412 Inhalation Rate
The inhalation rate is used to estimate the volume of trench air that an excavation/construction
worker might breath while working in a trench Inhalation rates were taken from the Exposure
Factors Handbook (USEPA 1997a) An inhalation rate of 2 05 mVhour based on the
assumption that half of the time spent working in a trench would involve moderate activity levels
and half heavy activity levels was used to evaluate the RME scenario For the CTE scenario a
rate of 1 3 m3/hour was used based on the assumption that half of the time spent working in a
trench would involve light activity levels and half would involve moderate activity levels

3 5 EXPOSURE POINT CONCENTRATIONS
Exposure Point Concentrations are the chemical concentrations to which a receptor is exposed
when contact is made with a specific environmental medium Site data for each exposure area
were collected using two different approaches For evaluating representative risks for each
exposure area risks were calculated using sample data collected using a systematic sampling
grid In addition separate hotspot nsk evaluations were performed for any hotspots identified

UK0 I \16529173SLAAP\RISKASSESSMENT\DRAFTFIIWL\SLAAPHHRADOC\17 MAR-043 8



SECTIONTHREE_______________Exposure Assessment

in each exposure area as described in Section 3 3 The purpose of this two tiered evaluation
was to provide Site risk managers with sufficient risk information to support hotspot removal if
warranted without providing a biased overview of overall risks for each exposure area
In general the 95% upper confidence limit of the mean (95% UCL) was used to estimate the
RME and the average concentration was used to estimate the CTE exposure point concentration
for chemicals The 95% UCL was calculated by various methods based on guidance from
USEPA as described in later sections The arithmetic mean was used to estimate exposure to
lead in accordance with USEPA guidance (USEPA 2002e 2003c)
If a sample was non detect a surrogate concentration of Vi of the detection limit was used for
calculation of the exposure point concentration

Since all data were reviewed by a chemist with a portion undergoing full validation and
determined to be of acceptable quality for use in a risk assessment data qualified as J or UJ were
included in all exposure point concentration calculations For J qualified detections the
estimated result was used while UJ quahfed non detects used a surrogate concentration of '/2 of
the estimated detection limit
The 95% UCL was not calculated for data sets with only one detected concentration For these
chemicals the maximum detected concentration was used as the RME exposure point
concentration In addition the maximum detected concentration was used as the RME exposure
point concentration in cases where the 95% UCL exceeded the maximum detected concentration
Attachment C presents a flow diagram outlining the rationale used in the calculation of the 95%
UCL for both the Parametric and Nonparametnc methods including supporting text These
methods were verified by the California Department of Toxic Substances Control and have been
accepted by the EPA Region V and the Illinois Environmental Protection Agency in
submitted/accepted risk assessments The following sections briefly describe the various
statistical methods used to calculate the 95% UCL

351 Calculation of the 95% UCL for lognormally distributed datasets
For chemicals displaying a lognormal distribution pattern the 95% UCL was calculated using
the equation shown below

TT/^T _ (x+05S2+sH/Jn-l)

Where
UCL = upper confidence limit
e = base of the natural log (2718)
x = mean of the log transformed data
s = standard deviation of the log transformed data
H = H statistic
n = number of samples
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352 Calculation of the 95% UCL for normally distributed datasets
For chemicals displaying a normal distribution pattern based on USEPA guidance (USEPA
1992) the 95% UCL was calculated using the equation shown below

UCL = x + t(s I -Jn )
Where

UCL = upper confidence limit
x = mean of the untransformed data

s = standard deviation of the untransformed data

t = Student t statistic

n = number of samples

353 Calculation of the 95% UCL based on Non parametric Methods
The accuracy of the above statistical methods relies on the assumption that the data set being
analyzed is distributed normally or lognormally For sample data with other distributions the
use of the H or t statistic to estimate the 95% UCL can result in a 95% UCL value that is
unreahstically large Based on USEPA guidance a non parametnc statistical method for
calculating the 95% UCL may be more appropriate for chemicals displaying a non lognormal
distribution (USEPA 1997b 2002c) Although a technical discussion of the available non
parametnc methods is beyond the scope of this document these include several bootstrap and
jackknife methods Depending on the nature/statistical distnbution of the data collected at the
Site if the H or t statistic approaches were deemed to be mappropnate a non parametnc method
was used to calculate exposure point concentrations
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The toxicity assessment provides a summary of the toxicity values that are used to evaluate
potential adverse health effects associated with chemical exposure The following sections
provide an overview of the development and use of these toxicity values in this risk assessment

41 TOXICITY ASSESSMENT OF NON CARCINOGENIC EFFECTS
To estimate the potential non carcinogenic hazards posed by the COPCs at the Site a hazard
index (HI) approach was used The concept of the hazard index is based on the assumption that
non carcinogenic toxicological effects of chemicals occur only after a threshold dose is achieved
The reference dose (RfD) for a compound is an estimate of the threshold dose at which the most
sensitive human population will experience an observed adverse effect for that compound The
hazard index is the ratio of the chronic daily intake of a chemical to its specific reference dose
As long as the chronic daily intake of a chemical is less than the reference dose the exposure is
unlikely to result in any adverse non carcinogenic health effect A hazard index in excess of one
indicates that the chronic daily intake has exceeded the reference dose and a potential health
hazard may exist A hazard index of less than one indicates that adverse health effects are
unlikely to occur
The first step in developing an RfD is to identify a threshold dose or
no observed adverse effect level (NOAEL) A NOAEL is the highest level of a chemical

(determined in epidemiological studies or animal studies) at which there is no statistically or
biologically significant effect of concern often called the critical toxic effect For certain
substances only a LOAEL or lowest observed adverse effect level has been determined
This is the lowest dose of a substance that produces either a statistically or biologically
significant indication of an adverse toxic effect The NOAEL or the LOAEL may be used to
calculate the RfD of a particular chemical

RfDs are calculated by dividing the NOAEL (or LOAEL) by a combined uncertainty factor
which generally ranges from 10 to 10 000 Individual uncertainties include variations in the
sensitivity of individuals within a population the extrapolation of data from experimental
animals to humans an incomplete database less than lifetime to lifetime extrapolation and
LOAEL to NOAEL extrapolation The RfD is expressed in units of milligrams of chemical per
kilogram of body weight per day (mg/kg/day)
The USEPA defines a chronic RfD as an estimate of a daily exposure level for the human
population that is unlikely to result in deleterious effects during a lifetime (i e 70 years) A
chronic RfD is used to evaluate the potential non carcinogenic hazards associated with long term
chemical exposures
Subchromc RfDs have been developed for a few chemicals to characterize potential non
carcinogenic hazards associated with short term chemical exposures The USEPA defines
subchronic exposure as periods ranging from 2 weeks to 7 years (USEPA 1989a) In this risk
assessment subchronic RfDs were used to evaluate the future construction/utility worker
scenarios when available Chronic RfDs were used for this scenario if there were no subchronic
values
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4 2 TOXICITY ASSESSMENT OF CARCINOGENIC EFFECTS

To estimate the potential risk from exposure to carcinogenic chemicals of potential concern at
the Site incremental carcinogenic risks (i e cancer risks attributable to site contaminants) were
calculated The incremental cancer risk for a chemical is the product of the chronic daily intake
of the chemical multiplied by a cancer slope factor (SF) for that chemical The incremental
carcinogenic risk provides an estimate of the potential increase in cancer incidence for a receptor
population An incremental cancer risk of 1 x 106 corresponds to 1 chance in one million that an
individual will acquire cancer due to exposure to Site chemical A risk range of 10"4 to 10 6

represents USEPA s opinion on what are generally acceptable levels for a site (National Oil and
Hazardous Substances Pollution Contingency Plan March 1990 40 CFR 300)
Slope factors are used to evaluate potential carcinogenic effects and are developed based on a
dose response curve for carcmogemcity of the specific chemical Given the large degree of
uncertainty that exists in predicting actual cancer risks the USEPA takes a precautionary
conservative approach when developing SFs to insure that risks from carcinogenic chemicals are
not underestimated The SF is used to estimate an upper bound probability of an individual
developing cancer as a result of exposure to a potential carcinogen
In estimating risks posed by potential carcinogens USEPA generally assumes that any exposure
level is associated with a finite probability however minute of producing a carcinogenic
response USEPA assumes that a small number of molecular events can evoke changes in a
single cell that can lead to uncontrolled cellular proliferation This mechanism for
carcmogemcity is referred to as non threshold since there is theoretically no level of exposure
for such a substance that does not pose a small though finite probability of producing a
carcinogenic response
It is generally assumed by USEPA in developing SFs that the risk of cancer is linearly related to
dose A linearized multistage model is one of the most commonly used models by USEPA for
low dose extrapolation of experimentally derived data to the low dose range This mathematical
model is based on the multi stage theory of carcmogenesis wherein the response is assumed to be
linear at low doses From the slope of the extrapolation curve estimated by the model USEPA
calculates the upper 95th percent confidence limit of the slope The SF expressed in units of
(mg/kg/day) ' is used to convert the chronic daily intake of a chemical, normalized over a
lifetime directly to a cancer risk This represents an estimation of an upper bound incremental
lifetime probability that an individual will develop cancer as a result of exposure to a potential
carcinogen This model provides an estimate of cancer risk at low doses and is likely to
overestimate the actual cancer risk which may be as low as zero

43 SOURCES OF THE TOXICITY VALUES

The hierarchy of sources of toxicity values used in this nsk assessment are listed below

• USEPA Integrated Risk Information System Database (IRIS) (USEPA 2003a)

• Health Effects Assessment Summary Table (HEAST) (USEPA 1997c)
• USEPA s National Center for Environmental Assessment (NCEA) Provisional Values (as

presented in USEPA 2002a)
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Summanes of the Toxicity Values used m this Risk Assessment are presented in Table 4-1 The
carcinogenic slope factors used for polychlonnated biphenyls in the calculations vary by
exposure pathway and scenario as specified in the IRIS database (USEPA 2003a) For dermal
contact with and incidental ingestion of soil scenarios slope factors of 1 0 (mg/kg day)' (CTE)
and 2 0 (mg/kg day) ' (RME) were used respectively For scenarios involving incidental
ingeston of groundwater slope factors of 0 3 (mg/kg-day)' (CTE) and 0 4 (mg/kg-day)' (RME) were used

4 4 TOXICITY ASSESSMENT OF LEAD
Lead is not evaluated in a risk evaluation using the same methods applied to other chemicals
While it has both carcinogenic and non carcinogenic properties USEPA does not furnish either
slope factors (SFs) or reference doses (RfDs) for lead Lead is a neurodevelopmental toxicant
and its toxic properties are related to an individuals age Young children are especially sensitive
to lead Relatively low levels of lead exposure can cause adverse effects in children This is
because 1) Children have a higher rate of lead absorption through the gastrointestinal tract than
adults and 2) because young children s nervous systems are still developing Adult nervous
systems being relatively static organs with little potential for growth or regeneration are
relatively resistant to lead toxicity
The USEPA has developed two computer models to estimate lead uptake from various
environmental media Since children have been identified as the most sensitive population to
toxic effects of lead both models address childhood exposure either directly or indirectly (e g
fetal exposure) One model termed the Integrated Exposure Uptake Biokmetic (IEUBK) Model
predicts the amount of lead that will be found in the bloodstream of a directly exposed child
(USEPA 1994) The other model referred to as the Adult Lead Model (USEPA 1996) is
designed to address adult exposure in an industrial setting The receptor of concern in the adult
lead model is an unborn fetus in a pregnant worker The IEUBK model is considered applicable
for hypothetical future residents and the adult lead model for the other scenarios evaluated at
SLAAP
The IEUBK model as applied by MDNR identifies an allowable surface soil lead level of 260
mg/kg for residential soils a level thought to be protective of children Although no workforce
is currently present at the Site use of default worker assumptions in the Adult Lead Model
results in an allowable surface soil lead concentration for uncontrolled exposures in the range of
750 1 750 mg/kg depending on the demographic makeup of the workforce This range is
considered protective of a developing fetus in a pregnant site worker For this risk assessment
lead concentrations in soil were compared to both 260 mg/kg and 750 mg/kg Three samples
exceeded 260 mg/kg for lead as follows

• Sample RA 02SB 01 (0 0 5 bgs) at 721 mg/kg in Building 2 Area and Hotspot 2

• Sample RA 05SB 05 (0 0 5 bgs) at 1 790 mg/kg in Building 5 Area and Hotspot 5A

• Sample RA 07SB 15 (0 0 5 bgs) at 900 mg/kg in Building 7 Area and Hotspot 7C
Therefore both the Adult Lead Model and IEUBK model were used to predict blood lead levels
for the receptors outlined m Section 3 2 of this report (i e current trespasser/site visitor future
industrial/commercial worker future excavation/construction worker and future resident) for the
areas listed above The models were also used to predict blood lead levels for the same receptors
to site wide soils
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The purpose of risk characterization is to quantify and describe the potential health nsks
associated with Site specific impacts
In this portion of the Risk Assessment potential health nsks are estimated for each COPC and
exposure pathway These nsk estimates are calculated using the exposure parameters developed
in Section 3 and the toxicity values reported in Section 4

5 1 EQUATIONS AND MODELS USED TO CALCULATE RISKS AND HAZARDS

511 General Risk Equations
Potential cancer nsks and non cancer hazard quotients have been calculated using the general
equations that follow Because residences often include children exposure terms for children are
included in the applicable cancer equations for the Hypothetical Future Resident scenano (i e
dermal contact and incidental ingestion of soil) For adult only scenanos (industnal/commercial
worker excavation/construction worker trespasser/site visitor) the child exposure terms are
eliminated from the equations

Equation 1 (soil ingestion - cancer)

Resident Child and adult combined
CR = (CS* CF,*EF*SForal*((IRchlld*EDchld /BW hld)+ (IR d ,,*ED d ,,/BWa

Industrial/Commercial Excavation/Construction Trespasser/Site visitor
CR = (CS* CF.'IR,,, ,,*EF*EDad lt*SForal)/(BW d ,,*AT )

Equation 2 (soil ingestion - non cancer)

Resident Child only
HI = (CS* CF, *IRch ld *EF*EDch ld )/(BW h ld*AT *RfDoral)

Industrial/Commercial Excavation/Construction Trespasser/Site visitor
HI = (CS* CF, *IR d „ *EF*EDad „ )/(BW dult*AT c*RfDoral)

Equation 3 (dermal contact with soil cancer)

Resident Child and adult combined
CR = (CS* CF,*AD*AB*EF*SForal*((SAchld*EDcMd/BWchld)+(SA d ,,*ED d ,,/BW „
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SECTIONFIVE Risk Characterization

Industrial/Commercial Excavation/Construction Trespasser/Site visitor

CR = (CS* CF,*AD*AB* SA d ,,*EF *ED d ,,*SForal)/(BW d ,,*AT )

Equation 4 (dermal contact with soil non cancer)

Resident Child only
HI = (CS*CF,*AD*AB*SAchld*EF*ED hld)/(BW hld*AT * RfD ral)

Industrial/Commercial Excavation/Construction Trespasser/Site visitor

HI = (CS* CF,*AD*AB*SA „ ,,*EF*EDad ,,)/(BW d ,,*ATnc* RfD00

Equation 5 (inhalation of volatilized soil contaminants - cancer)

Excavation/Construction

CR = (C *IH „ h*ET*EF*ED d ,,*SF hai)/(AT *BW d „)

Equation 6 (inhalation of volatilized soil contaminants - non cancer)

Excavation/Construction
HI = (C *IH d ,,*ET*EF*ED „ ,,)/(ATnc*BW d ,,*RfD ^i)

Equation 7 (groundwater ingestion cancer)

Excavation/Construction
CR = (CW*IR d ,,*EF*ED „ ,,*SF ra.)/(BWad ,,*AT )

Equation 8 (groundwater ingestion - non cancer)

Excavation/Construction
HI = (CW*IR d ,,*EF*ED „ ,,)/(BW d lt*ATnc*RfDoral)

Equation 9 (direct dermal contact with groundwater cancer)
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Excavation/Construction

CR = (CW*CF2*SA d ,,*PC*ET*EF*ED d ,,*SF ra,)/(BW d ,,*AT )

Equation 1 0 (direct dermal contact with groundwater non cancer)

Excavation/Construction
HI = (CW*CF2*SA d ,,*PC*ET*EF*ED d ,,)/(BW d ,,*ATnc*RfD ,)

Where

CR = Cancer risk (unitless)

CS = Contaminant concentration in soil (mg/kg)

CW = Contaminant concentration in water (mg/L)

Cair = Contaminant concentration in air (mg/m3)
= Adult ingestion rate (soil mg/day groundwater L/day)
= Adult inhalation rate (m3/hr)

= Child ingestion rate (soil mg/day)

EF = Exposure frequency (days/year)

EDCh,id = Child exposure duration (years)

EDaduit = Adult exposure duration (years)
BWch,id = Child body weight (kg)
BWaduit = Adult body weight (kg)
CF] = Conversion factor (kg/mg)

CF2 = Conversion factor (L/cm3)
ATC = Averaging time for carcinogenic effects (days)
ATnc = Averaging time for non carcinogenic effects (days)
SAch,id = Child exposed dermal surface area (cm2/day)
SAaduit = Adult exposed dermal surface area (cm2/day)

AB = Absorbed fraction (umtless)
AD = Adherence factor for soil (mg/cm2)
PC - Permeability constant (cm/hr)
ET = Exposure Time (hours/day)
SForai = Oral cancer slope factor (mg/kg day) '

i = Oral reference dose (mg/kg day)
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SECTIONFIVE________________Risk Characterization

= Inhalation cancer slope factor (mg/kg day)'
= Inhalation reference dose (mg/kg day)

512 Contaminant Volatilization into a Building
The hazard/nsks associated with volatilization into a building were estimated using the Johnson
and Ettmger (J&E) advanced soil and groundwater models for chemical volatilization (i e vapor
intrustion) into a building (USEPA 2003b) This is a spreadsheet application obtained from the
USEPA that is used to evaluate potential emissions of VOCs from subsurface soil and
groundwater into an overlying building Calculations were performed only for volatile COPCs
Per USEPA guidance (USEPA 1991a) volatile chemicals are defined as chemicals with a
molecular weight of less than 200 daltons and a Henry s Law constant of 1 x 105 arm m3/mole
or greater Four VOCs (1 1 dichloroethylene 1 2 dichloroethane carbon tetrachlonde and
chloroform) were detected in groundwater at concentrations exceeding screening criteria in one
well (02MW 01) No VOCs were detected in subsurface soil at concentrations exceeding
screening criteria anywhere on site However to be conservative and regardless of whether the
screening criteria were exceeded or not any soil VOC detections corresponding to groundwater
VOC detections at 02MW 01 were targeted for evaluation for potential indoor air exposure to
humans Based on this conservative approach it was determined that since 1 1 1 tnchloroethane
was detected in both soil and groundwater at 02MW 01 it would be evaluated using the
advanced J&E soil model even though it was below screening criteria for both media
Since the buildings currently on the Site are likely to be replaced poor to reoccupation of the
Site conservative default values (USEPA 2003b) were used in all J&E calculations for the
following exposure parameters

• Average soil temperature (13 89 degrees C)
• Depth below grade to bottom of enclosed space (both 15 cm and 200 cm since both slab

on grade and basement foundation scenarios were evaluated)

• Soil properties for silty clay
dry bulk density (138 g/cm3)
total porosity (0 481 umtless)
water filled porosity (0216 cm3/cm3)
organic carbon fraction (0 002 umtless)

• Enclosed space floor thickness (10 cm)

• Soil building pressure differential (40 g/cm s2)

• Enclosed floor space length and width (1000 cm)

• Enclosed space height (366 cm)

• Floor wall crack width (0 1 cm)
• Indoor air exchange rate (0 25 umtless)

• Average vapor flow rate into building (5 L/min)
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These default parameters are designed to be protective of residential properties (homes) and are
considered protective for other building uses such as commercial/industrial buildings
Site specific parameters used in the J&E models were as follows

• Depth below grade to top of soil contamination (both 15 cm and 200 cm since both slab
on grade and basement foundation scenarios were evaluated and it was assumed that
contamination was uniform throughout the soil column between the building foundation
and water table a conservative assumption)

• Depth below grade to bottom of soil contamination (272 5 cm = depth below grade to
water level in monitoring well 02MW 01)

• Soil stratum (silty clay was identified as the dominant soil type throughout SLAAP
including the 02MW 01 soil and groundwater sample location)

Exposure point concentrations were based on the maximum detected VOC concentrations in
groundwater and soil thereby making a conservative assumption that the highest VOC
concentrations found on the Site are present throughout the Site

513 Groundwater Chemical Volatilization into a Trench
The hazard/risks associated with inhalation of groundwater chemicals volatilized into a trench
were estimated on a Site wide basis using a model outlined in a USEPA memo Derivation of a
Volatilization Factor to Estimate Upper Bound Exposure Point Concentration for Workers in
Trenches Flooded with Groundwater off gassing Volatile Organic Chemicals (USEPA 1999)
Exposure point concentrations were based on the maximum detected chemical concentrations in
groundwater The model estimates the concentration of a groundwater chemical in the trench air
based on the multiplication of the chemical concentration in the groundwater by a volatilization
factor for the chemical The volatilization factor is based on the rate of mass transfer of the
chemical from the groundwater to the air and the rate of air exchange between the trench and
surrounding air Standard risk equations are then applied to calculate the nsk/hazard associated
with inhalation of the estimated trench air concentrations
Conservative default values (USEPA 1999) for the mass transfer of volatile organic compounds
were used The model was based on a trench 30 meters long and 3 meters high The trench
width is not used in this model An air exchange rate of 0 15 exchanges per second (based on a
10 mile per hour wind speed) was used to account for air replenishment in the trench A mixing
factor of 0 5 was incorporated to account for incomplete mixing of air in the trench

514 Exposure to Lead in Soils
For all exposure scenarios lead levels were compared to the MDNR CALM value of 260 mg/kg
which in turn is based on the IEUBK lead model for children (USEPA 1994) For adult worker
scenarios soil concentrations of less than 750 1 750 mg/kg are considered protective to a
developing fetus in a pregnant site worker (the most sensitive endpomt of concern) however all
exposure scenarios were evaluated for any area with at least one lead concentration in soil
exceeding 260 mg/kg
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52 RESULTS
Non carcinogenic hazard indices and carcinogenic risks for Site soils for each receptor
population are presented on an area by area basis as summarized in the sections below
Tables 5-1 through 5-4 summarize the risks and hazards associated with Site soils Risks
associated with groundwater are evaluated on a Site wide basis and are summarized in
Tables 5-5 and 5-6 Supporting nsk calculations/spreadsheets are presented in Attachment A

521 Building 1
COPCs were identified in both surface soil and subsurface soil at Building 1

RME cancer risks associated with surface soil ( 005 feet bgs) ranged from 2 X 10 7

(trespassers/site visitors) to 1 X 105 (hypothetical future residents) and RME hazard indices
ranged from 0 0009 (trespassers/site visitors) to 0 2 (hypothetical future residents) The RME
cancer nsk for industrial/commercial workers which is considered the most likely future use of
the Site was estimated at 3 X 10 6 and the RME hazard index was 0 02
The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (0 10 feet bgs) was estimated at 5 X 108 and the RME hazard index
was 0 01

522 Building 2
COPCs were identified in both surface soil and subsurface soil at Building 2

RME cancer nsks associated with surface soil (005 feet bgs) ranged from 6 X 107

(trespassers/site visitors) to 4 X 105 (hypothetical future residents) and RME hazard indices
ranged from 0 02 (trespassers/site visitors) to 3 (hypothetical future residents) Aroclor 1248
was the pnmary contnbutor to the elevated hazard index for the hypothetical future resident
scenano The RME cancer nsk for industnal/commercial workers which is considered the most
likely future use of the Site was estimated at 9 X 106 and the RME hazard index was 0 3
The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (0 10 feet bgs) was estimated at 2 X 107 and the RME hazard index
was 02
Lead was also identified as a COPC for Building 2 at a maximum detected concentration of
721 mg/kg (surface soil) The exposure point concentration for surface soil was 73 9 mg/kg
which is below the level of concern of 260 mg/kg for child populations The exposure point
concentration for combined subsurface and surface soil was 35 mg/kg which is below the target
range of 750 1 750 mg/kg for adult populations For non residential scenanos the probability
that fetal PbB would exceed the PbB, (i e 10 ug/dL) ranged from 0 6 to 0 9% below the 5%
threshold recommended by USEPA (USEPA 2003c) For the residential scenano modeled PbB
levels ranged from 1 8 to 2 7 ug/dL below the threshold of 10 ug/dL recommended by USEPA
(USEPA 2002e)
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523 Building 4
COPCs were identified in both surface soil and subsurface soil at Building 4
None of the surface soil COPCs are potential carcinogens RME hazard indices ranged from
0 0004 (trespassers/site visitors) to 0 1 (hypothetical future residents) The RME hazard index
for industnal/commercial workers which is considered the most likely future use of the Site was 0 009
The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (0-10 feet bgs) was estimated at 3 X 10"8 and the RME hazard index was 0 005

524 BuildmgS
COPCs were identified in both surface soil and subsurface soil at Building 5
RME cancer risks associated with surface soil (005 feet bgs) ranged from 4 X 10 6

(trespassers/site visitors) to 2 X 10"4 (hypothetical future residents) and RME hazard indices
ranged from 0 03 (trespassers/site visitors) to 6 (hypothetical future residents) The RME cancer
nsk for industnal/commercial workers which is considered the most likely future use of the Site
was estimated at 5 X 105 and the RME hazard index was 0 5 DDT was the pnmary contnbutor
to the elevated hazard index DDT and benzo(a)pyrene were the pnmary contnbutors to the
elevated cancer nsks

The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (010 feet bgs) was estimated at 1 X 10 6 and the RME hazard index
was 0 9
Lead was also identified as a COPC for Building 5 at a maximum detected concentration of
1790 mg/kg (surface soil) The exposure point concentration for surface soil was 140 1 mg/kg
which is below the level of concern of 260 mg/kg for child populations The exposure point
concentration for combined subsurface and surface soil was 79 4 mg/kg which is below the
target range for adult populations For non residential scenanos the probability that fetal PbB
would exceed the PbBt (i e , 10 ug/dL) ranged from 0 6 to 0 9%, below the 5% threshold
recommended by USEPA (USEPA 2003c) For the residential scenano modeled PbB levels
ranged from 2 2 to 3 5 ug/dL below the threshold of 10 ug/dL recommended by USEPA
(USEPA 2002e)

525 Building 6
COPCs were identified in both surface soil and subsurface soil at Building 6
RME cancer nsks associated with surface soil (005 feet bgs) ranged from 3 X 10 9

(trespassers/site visitors) to 2 X 10 7 (hypothetical future residents) and RME hazard indices
ranged from 0 0001 (trespassers/site visitors) to 0 04 (hypothetical future residents) The RME
cancer nsk for industnal/commercial workers which is considered the most likely future use of
the Site was estimated at 5 X 108 and the RME hazard index was 0 003
The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (010 feet bgs) was estimated at 1 X 108 and the RME hazard index
was 0 02
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526 Building 7
COPCs were identified in both surface soil and subsurface soil at Building 7

RME cancer risks associated with surface soil ( 0 0 5 feet bgs) ranged from 6 X 10 7

(trespassers/site visitors) to 3 X 10 5 (hypothetical future residents) and RME hazard indices
ranged from 0 09 (trespassers/site visitors) to 0 2 (hypothetical future residents) The RME
cancer risk for industrial/commercial workers which is considered the most likely future use of
the Site was estimated at 8 X 10 6 and the RME hazard index was 0 02

The RME cancer risk associated with construction/excavation worker exposure to combined
surface and subsurface soil (0 10 feet bgs) was estimated at 1 X 107 and the RME hazard index
was 0 02
Lead was also identified as a COPC for Building 7 at a maximum detected concentration of
900 mg/kg (surface soil) The exposure point concentration for surface soil was 82 mg/kg
which is below the level of concern of 260 mg/kg for child populations The exposure point
concentration for combined subsurface and surface soil was 46 5 mg/kg which is below the
target range of 750 1 750 mg/kg for adult populations For non residential scenarios the
probability that fetal PbB would exceed the PbBt (i e 10 ug/dL) ranged from 0 6 to 1 0% below
the 5% threshold recommended by USEPA (USEPA 2003c) For the residential scenario
modeled PbB levels ranged from 1 8 to 2 8 ug/dL below the threshold of 10 ug/dL
recommended by USEPA (USEPA 2002e)

527 BuildmgS
COPCs were identified in both surface soil and subsurface soil at Building 8 None of the
COPCs identified in surface soil in this area have RfDs therefore no hazard indices were
calculated for surface soil in this area
RME cancer risks associated with surface soil (005 feet bgs) ranged from 3 X 108

(trespassers/site visitors) to 1 X 10 6 (hypothetical future residents) The RME cancer nsk for
industrial/commercial workers which is considered the most likely future use of the Site was
estimated at 4 X 10 7

The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (0 10 feet bgs) was estimated at 3 X 108 and the RME hazard index
was 0 003

528 Northeast Parking Area
COPCs were identified in both surface soil and subsurface soil at the Northeast Parking Area
None of the COPCs identified in soil in this area have RfDs therefore no hazard indices were
calculated for surface soil in this area
RME cancer risks associated with surface soil (005 feet bgs) ranged from 2 X 107

(trespassers/site visitors) to 1 X 105 (hypothetical future residents) The RME cancer nsk for
industrial/commercial workers which is considered the most likely future use of the Site was
estimated at 3 X 10 6
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The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (0 10 feet bgs) was estimated at 7 X 108

529 Railroads
COPCs were identified in both surface soil and subsurface soil at the Railroads None of the
COPCs identified in surface soil in this area have RfDs therefore no hazard indices were
calculated for surface soil in this area

o

RME cancer risks associated with surface soil ( 005 feet bgs) ranged from 2 X 1 0
(trespassers/site visitors) to 1 X 106 (hypothetical future residents) The RME cancer nsk for
industrial/commercial workers which is considered the most likely future use of the Site was
estimated at 3 X 107

The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (0 10 feet bgs) was estimated at 8 X 10 9 and the RME hazard index
was 0 005

5210 Roadways
COPCs were identified in both surface soil and subsurface soil at the Roadways

RME cancer nsks associated with surface soil (005 feet bgs) ranged from 6 X 10 8

(trespassers/site visitors) to 3 X 106 (hypothetical future residents) and RME hazard indices
ranged from 0 002 (trespassers/site visitors) to 0 5 (hypothetical future residents) The RME
cancer nsk for mdustnal/commercial workers which is considered the most likely future use of
the Site was estimated at 8 X 10 7 and the RME hazard index was 0 04
The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (010 feet bgs) was estimated at 3 X 108 and the RME hazard index
was 0 09

5211 Hotspot Areas
Hotspot areas identified from the sampling results cover relatively small areas of the Site, and as
such are likely to overestimate nsks to individuals who will work or reside in larger areas The
exception is Hotspot 2 which essentially covers the entire footpnnt of Building 22 Cancer nsks
and hazard indices for each of the individual Hotspot areas are summanzed in Tables 5-1
through 5-4, and are not repeated verbatim here Hotspots that exceeded either a cancer nsk of 1
X 10 or a hazard index of 1 are briefly discussed below
For surface soils Hotspot 5A was the only Hotspot that exceeded a cancer nsk of 1 X 10^
(residents 1 X 103 mdustnal/commercial workers 3 X 10"4) DOT and benzo(a)pyrene were

2 Hotspot 2 is considered somewhat of an anomaly relative to the other hotspots Because this hotspot covers
such a large area it contains a large number (19) of samples including most of the systematic (gndded) samples
collected for the nsk assessment as well as characterization samples collected throughout the building for the
SSEBS As a result the calculated hotspot RME exposure point concentration for PCB of 2 4 mg/kg is slightly less
than that calculated for the Building 2 nsk samples (3 3 mg/kg) and the resultant hazard index calculations are also
slightly lower for the hotspot
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the pnmary contributors to nsk at Hotspot 5A Hotspots 2 (resident HI of 2) and 5A (resident
HI of 33 and industrial/commercial worker HI of 3) were the only Hotspots that exceeded a
hazard index of 1 For Hotspot 2 Aroclor 1248 was the pnmary contributor to the elevated
hazard index for Hotspot 5A DDT was the pnmary contnbutor

For combined subsurface and surface soils no Hotspots exceeded a cancer nsk of 1 X 10"*
Hotspot 5A was the only Hotspot that exceeded a hazard index of 1 (excavation/construction
worker HI of 8) DDT was the pnmary contnbutor to the elevated hazard index
Lead was also identified as a COPC for Hotspots 2 5A and 7C at maximum detected
concentrations of 721 mg/kg (Hotspot 2) 1 790 (Hotspot 5A) and 900 mg/kg (Hotspot 7C) The
exposure point concentrations for surface soil were as follows

• 80 mg/kg (Hotspot 2)

• 1 790mg/kg (Hotspot 5A)

• 900 mg/kg (Hotspot 7C)
The exposure point concentration for combined subsurface and surface soil were as follows

• 40 mg/kg (Hotspot 2)

• 905 mg/kg (Hotspot 5A)

• 306 7 mg/kg (Hotspot 7C)
For non residential scenanos the probability that fetal PbB would exceed the PbBt (i e 10
ug/dL) are as follows

• 0 6 to 1 0% (Hotspot 2)

• 0 6 to 30 2% (Hotspot 5A)

• 0 6 to 12 2% (Hotspot 7C)
For the residential scenano modeled PbB levels are as follows

• 1 8 to 2 7 ug/dL (Hotspot 2)

• 10 4 to 17 4 ug/dL (Hotspot 5A)
• 6 3 to 11 0 ug/dL (Hotspot 7C)

5212 Site Wide Soils
Site wide nsks were estimated by combining soil samples from across the entire Site Just as the
use of Hotspot data can potentially overestimate nsk the combining of data from across the
entire Site can potentially underestimate nsks to individuals who may only be exposed to only a
portion of the Site

For the Site wide evaluation COPCs were identified in both surface soil and subsurface soil
RME cancer nsks associated with surface soil (005 feet bgs) ranged from 2 X 10 6

(trespassers/site visitors) to 1 X 10^ (hypothetical future residents) and RME hazard indices
ranged from 0 03 (trespassers/site visitors) to 6 (hypothetical future residents) The pnmary
contnbutors to the elevated hazard index were Aroclor 1248 Aroclor 1254 and DDT The
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RME cancer nsk for industrial/commercial workers which is considered the most likely future
use of the Site was estimated at 3 X 105 and the RME hazard index was 0 6
The RME cancer nsk associated with construction/excavation worker exposure to combined
surface and subsurface soil (010 feet bgs) was estimated at 5 X 10 7 and the RME hazard index
was 0 7
Lead was also identified as a COPC on a Site wide basis with a maximum detected
concentration of 1 790 mg/kg (surface soil) The exposure point concentration for surface soil
was 48 1 mg/kg which is below the level of concern of 260 mg/kg for child populations The
exposure point concentration for combined subsurface and surface soil was 24 6 mg/kg which is
below the target range of 750 1 750 mg/kg for adult populations For non residential scenarios
the probability that fetal PbB would exceed the PbB, (i e 10 ug/dL) ranged from 0 6 to 0 8%
below the 5% threshold recommended by USEPA (USEPA 2003c) For the residential scenario
modeled PbB levels ranged from 1 6 to 2 3 ug/dL below the threshold of 10 ug/dL
recommended by USEPA (USEPA 2002e)

5213 Site Wide Groundwater
Groundwater and subsurface soil were evaluated on a Site wide basis for potential vapor
intrusion into buildings and construction trenches and for direct contact (dermal and incidental
mgestion) pathways in a trench

As seen in Table 5-5 risks and hazards associated with vapor intrusion into a building are low
The total cancer risks are 1 X 107 and 3 x 107 for slab on grade and basement structures
respectively The hazard indices are 0 0009 and 0 001 for slab on grade and basement structures
respectively It is important to note that the maximum detected concentrations of all volatile
COPCs were found at the same location (02MW 01) Although groundwater and subsurface soil
were evaluated on a Site wide basis the results from the J&E modeling are most representative
for the area immediately adjacent to well 02MW 01 risks and hazards for other areas of the Site
are likely to be lower
Similar to vapor intrusion into a building risks associated with direct exposure to groundwater in
a trench and inhalation of VOCs released from groundwater into the trench are also low
(Table 5-6) The RME hazard index is estimated to be 0 03 and the RME cancer nsk is 7 X 107

5214 Building Related Materials
As discussed in Section 3 2 buildings on site may contain contaminants such as lead PCBs or
asbestos Risks associated with such matenals cannot be readily quantified using standard nsk
assessment protocols however as discussed below they have been evaluated to some extent as
partoftheSSEBS
PCBs asbestos and lead based paint are all believed to be present at concentrations exceeding
regulatory action levels on multiple building surfaces across the Site PCBs have been detected
in excess of action levels in wipe samples from buildings 1 4 and 5 and above the CALM
(MDNR 2001) in concrete samples from Building 2 Asbestos has been found in buildings
throughout the Site in matenals such as thermal systems insulation transite siding wall
covenngs and floor tiles No comprehensive lead based paint survey of the facility has been
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conducted but lead based paint was found in the former Building 3 and is assumed to be present
in all buildings at the Site

The exceedance of regulatory standards indicates the potential for unacceptable exposure to
workers in one or more buildings as they currently exist Any building on Site that is to be
occupied should be thoroughly surveyed to identify materials containing contamination that
could affect the proposed use of that building
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SECTIONS IX Uncertainty Analysis

The USEPA guidance for risk assessments provides a systematic means for organizing
analyzing and presenting information on the nature and magnitude of potential risks to human
health posed by exposure to chemicals based on current and hypothetical future exposure
pathways Despite the advanced state of the current methodology uncertainties and limitations
are inherent in the risk assessment process The uncertainty can lead to an over or under
estimation of potential risks Available data quality incomplete information about existing
conditions and future circumstances as well as other factors discussed below contribute to these
uncertainties and limitations
This section identifies some of the uncertainties associated with this nsk assessment in order to
help site decision makers (USEPA MDNR USAGE Department of the Army [BRAC] etc )
make informed decisions about future site use Uncertainties are discussed as they relate to each
of the following portions of the nsk assessment

• Data collection

• Data evaluation

• Exposure point concentrations

• Exposure assessment

• Toxicity assessment

• Risk characterization

6 1 DATA COLLECTION

There are several sources of uncertainty associated with data collection These may include both
sampling and analysis

611 Sampling Uncertainties
In the nsk assessment it was assumed that samples collected were representative of the area to
which vanous populations may be exposed However the collected samples may not be
completely representative due to random vanabihty of samples Chemicals in Site soils may not
be homogeneously distnbuted in the environment Vanabihty in the selection of sampling
locations may result in either an over or under estimation of actual chemical concentrations and
thus an over or under estimation of Site nsks

Another sampling uncertainty involves the suite of analytes that were analyzed In particular
dioxm analysis was not conducted over most of the Site In the area where dioxm analysis was
conducted (Building 2) the dioxins contributed 2 X 105 nsk to the residential scenano Samples
collected around the outside of Building 2 contained lower dioxm levels Given the incineration
activities that occurred at Building 2 in conjunction with the presence of PCBs it is not
surpnsing that dioxins were present While it is likely that dioxm levels are lower on other
portions of the Site, and that some dioxins are likely to be present as anthropogenic background
the lack of dioxm data may result in an underestimation of nsk for the remainder of the Site
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SECTIONS IX Uncertainty Analysis

612 Sampling Analysis
Samples were analyzed using USEPA approved procedures and were subject to data validation
procedures to assure that data were suitable for use in decision making However sample
analysis is subject to uncertainties with precision and accuracy Uncertainties associated with
precision and accuracy of analytical methods are generally random While these sources of error
are typically of low magnitude compared to other sources of uncertainty they may contribute to
an over or under estimation of risks Given the extensive data validation efforts that were
performed on the Site data it is reasonable to conclude that the data used in the HHRA were of
acceptable quality

62 DATA EVALUATION

In evaluating data it was assumed that a chemical not detected in a given sample was actually
present at one half of its sample quantitation limit These concentrations are used in the
calculation of the arithmetic mean and 95% UCL of a chemical concentration This is a
conservative approach that may lead to an over estimation of risks when sample quantitation
limits are high or measured chemical concentrations are very low
Of the qualified data presented in Attachment B the vast majority were either U qualified
indicating non detect or UJ qualified indicating the data were non detected and the Practical
Quantitation Limit (PQL often referred to as the reporting limit or detection limit) was
estimated In addition a number of SVOC results were qualified with J (estimated
concentration) as well as many samples for a few metals (thallium mercury) A review of the
data indicates that most of the J qualified data were estimated at concentrations below the PQL
While there is some uncertainty as to whether these low values under or over estimate actual
concentrations it is unlikely that any of these reported values exceed their respective PQLs
Since all data were reviewed by a chemist with a portion undergoing full data validation and
found to be of acceptable quality for use in the nsk assessment both J and UJ qualified data were
used

6 3 EXPOSURE POINT CONCENTRATIONS
The 95% UCL of a chemical concentration was used to estimate the RME exposure point
concentration for that chemical in some instances This is a conservative estimation of the
chemical concentration and likely results in an over estimation of potential nsk For this reason
CTE values were also calculated to characterize the average risks
In the case of groundwater which was evaluated on a Site wide basis the highest measured
concentrations were used as the exposure point concentrations This is a worst case scenario that
could lead to an over estimation of Site related risks for some portions of the Site
Vapor intrusion into buildings was estimated using by using both soil and groundwater data in
the Johnson & Ettmger model EPA's Draft Guidance for Evaluating the Vapor Intrusion to
Indoor Air Pathway from Groundwater and Soils (USEPA, 2002d) recommends that soil gas data
be used for estimating vapor intrusion but since this guidance document was released after the
completion of the initial field work no soil gas data were available While the lack of soil gas
data represents a potential under estimation of nsk it is believed that this under estimation is
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SECTIONS IX Uncertainty Analysis

minor compared to the likely overestimation of nsk given the conservative nature of the Johnson
& Ettmger model In addition a worst case scenano momtonng well that was assumed to be
representative of groundwater site wide A potential uncertainty in estimating vapor intrusion
exists due to the lack of groundwater data from directly beneath the existing buildings Given
the likelihood of future site owners demolishing the existing structures and the distnbution of
momtonng wells across the site it is impossible to say whether the lack of data beneath the
existing structures represents an over estimation or under estimation of nsks to a future
occupant
It was conservatively assumed that chemical concentrations would remain unchanged with time
The potential reduction in concentration by migration degradation and natural attenuation was
not considered In reality these processes will likely reduce the chemical concentrations for
future exposure scenanos The use of existing chemical concentrations for future use scenanos
likely results in an over estimation of potential Site related nsks
In some cases models (EMSOFT Johnson & Ettmger etc) were used to charactenze the
transport of a chemical from the source media to an exposure point These models are
generalizations of the many interacting transport mechanisms that may be present for a chemical
at a Site The ability of these models to accurately predict chemical transport may vary
depending on the environmental conditions present at the Site The models are generally
conservative containing assumptions and estimations of chemical properties that likely over
estimate the amount of chemical that is available for exposure In addition they do not account
for all modes of transport and degradation some of which may attenuate the movement of the
chemical from the source area to the exposure point In contrast the use of Site specific
assumptions such as mean wind speed could lead to an underestimation of exposure point
concentrations dunng days when there is little wind Given that the HHRA is intended to
evaluate nsks and hazards over an extended time (i e at least one month) the use of such Site
specific values will probably not result in any underestimation of nsks and hazards Given the
other conservative elements inherent in these models the use of such models is likely to result in
an overestimation of nsks and hazards rather than an underestimation
Several of the models (EMSOFT groundwater to trench volatilization model etc ) used in the
estimation of exposure point concentrations are not sophisticated numenc models that entail
model validation and reiterative processing of data to dnve the modeled results As such the
ability of these models to accurately predict chemical transport under the Site conditions may not
be well understood Given the uncertainty inherent in these models they are usually designed
with conservative assumptions and are likely to over predict exposure to Site related chemicals

64 EXPOSURE ASSESSMENT

The exposure assessment relied on a number of assumptions for potential human exposure
Assumptions used were based upon the following

• Site specific information

• USEPA nsk assessment guidances

• Professional judgement
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SECTIONS IX Uncertainty Analysis

The CTE scenanos represent assumptions which are considered central values or realistically
conservative estimates for the exposed population However even the CTE scenanos assume
individuals are exposed on a relatively continuous basis over a long period of time which likely
over estimates actual exposures
The RME scenanos are developed to provide an upper bound nsk estimate These scenanos are
based on a combination of maximum exposure assumptions for exposure vanables and are thus
highly likely to over estimate potential risks
Both CTE and RME exposure scenanos provide useful information when charactenzing site
nsks and when making site management decisions

65 TOXICITY ASSESSMENT

In general the available scientific information is insufficient to provide a thorough
understanding of all the potential toxic properties of chemicals to which humans may be
exposed Consequently varying degrees of uncertainty surround the assessment of adverse
health effects in the exposed populations Sources of uncertainty related directly to toxicity data
include

• Use of dose response data from expenments on homogeneous sensitive animal populations
to predict effects in heterogeneous human populations with a wide range of sensitivities

• Extrapolation of data from 1) high dose animal studies to low dose human exposures
2) acute or subchronic toxicity studies to chronic exposure scenanos and 3) one exposure
route to another (e g from ingestion to dermal absorption)

• Use of single chemical test data that do not account for multiple exposures or synergistic and
antagonistic responses

• Toxicity values (RfDs or SFs) are predicted values and have incorporated factors to provide a
margin of safety for even the most sensitive subpopulations and likely over estimate potential
nsks for all receptors evaluated in this nsk assessment

Based on the above a high degree of uncertainty may be associated with the toxicity values used
in this nsk assessment In an attempt to minimize the consequences of uncertainty USEPA
typically relies on a conservative approach in determining toxicity values The current USEPA
toxicity values used in this nsk assessment are likely to over estimate the potential nsk and
hazard

66 RISK CHARACTERIZATION

Several background chemicals were found at the Site at levels exceeding their respective
health based screening levels These included inorganic compounds which are often present as
naturally occumng compounds and organic compounds (PAHs) which are present in many
urban areas as anthropogenic (man made) background As discussed in USEPA s guidance on
evaluation of background chemicals (USEPA 2002b) these chemicals were retained in the nsk
assessment as COPCs whenever the screening values were exceeded In the case of inorganic
compounds quantitative nsk values were not calculated if the COPCs exceeded screening levels
but were present at background levels However nsks were calculated for inorganic COPCs if
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SECTIONS IX Uncertainty Analysis

both screening levels and background levels were exceeded In the case of organic COPCs nsks
were calculated whenever screening concentrations were exceeded regardless of whether the
chemicals were present at background levels Inclusion of background chemicals in the risk
calculations will tend to overestimate Site related nsks and hazards since the incremental nsks
associated with the background level has been included in the overall calculation Exclusion of
inorganic chemicals present at background levels will result in an underestimation of total nsks
but will not affect the Site related nsk estimates since these chemicals are not Site related
It should be noted that in general the nsks associated with background chemicals are relatively
low usually in the 10 6 to 105 range Arsenic is an exception The Site specific background
concentration for arsenic is 13 22 mg/kg At this concentration the estimated cancer nsk to a
residential receptor is 4 X 105 and the hazard index is 0 6
Because there are uncertainties in each step of the nsk assessment process these uncertainties
are often magnified in the final nsk characterization The final quantitative estimates of nsk may
be one or several orders of magnitude different from the actual potential nsk associated with a
given exposure Because of the conservative approaches used in each step the overall results of
this nsk assessment are most likely to over estimate the potential Site nsks
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SECTION SEVEN_____________Summary and Conclusions

The HHRA for SLAAP evaluated potential risks and hazards for soils and groundwater for
several alternative land use scenarios in support of the POST process Alternative scenarios
evaluated included trespassers commercial/industrial workers excavation workers and
hypothetical future residents Cancer risks and hazard indices were calculated for numerous
exposure areas and hotspots across the Site as well as on a Site wide basis for both RME (high
end) and CTE (mid range) conditions

For soils at most areas of the Site and for Site wide groundwater the RME cancer risks were
within or below the target nsk range of 10^* to 10 6 identified m the National Oil and Hazardous
Substances Pollution Contingency Plan (USEPA 1990) most hazard indices were below the
threshold of 1 and most PbB levels were below acceptable thresholds The CTE cancer risks
hazard indices and PbB levels were even lower The 10"4 nsk criterion is utilized within the
HHRA for comparison purposes since risks that exceed this level are above both EPA and
MDNR benchmark levels and represent a level of concern The acceptable risk level for the Site
has not been established and will ultimately be determined as part of a nsk management decision
that is beyond the scope of the HHRA
Areas found to exceed a cancer nsk of 10"4 or hazard index of 1 are listed below
• Building 2 An RME hazard index of 3 was calculated for a hypothetical future resident

Aroclor 12483 was the pnmary contributor to this elevated hazard index The CTE hazard
index for this receptor was 0 4

• Building 5 An RME hazard index of 6 and a cancer nsk of 2 X 10"4 was calculated for a
hypothetical future resident The CTE hazard index was 1 and the CTE cancer nsk was 2 X
105 The pesticide DDT was the pnmary contnbutor to the hazard index DOT and
benzo(a)pyrene were the pnmary contnbutors to the cancer nsks

• Hotspot 2 This Hotspot covers the majonty of the Building 2 footpnnt An RME hazard
index of 2 was calculated for a residential scenano The CTE hazard index was 0 4 Aroclor
1248 was the pnmary contnbutor to this hazard index

• Hotspot 5 A This Hotspot covers a small portion of the Building 5 footpnnt RME cancer
nsks were 1 X 10 3 for residents and 3 X 10"4 for mdustnal/commercial workers CTE
cancer nsks were 4X10^ for residents and 2 X 10 5 for mdustnal/commercial workers RME
Hazard indices were 33 for residents and 3 for mdustnal/commercial workers CTE Hazard
indices were 15 for residents and 1 for mdustnal/commercial workers DDT was the pnmary
contnbutor to the hazard index DDT and Aroclor 1248 were the pnmary contnbutors to the
cancer nsks

• Site wide soils Site wide nsks and hazards were calculated by combining soil samples from
across the entire Site The RME hazard index was 6 for the residential scenano and the CTE
hazard index was 1 The pnmary contnbutors to the elevated hazard index were Aroclor
1248 Aroclor 1254 and DDT It is important to note that while these nsks are defined as
Site wide the distnbution of these chemicals is relatively limited to a few portions of the

Site

The term PCB 1248 and Aroclor 1248 are synonymous terms as are PCB 1254 and Aroclor 1254
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SECTION SEVEN_____________Summary and Conclusions
Areas found to exceed recommended thresholds for PbB levels are listed below

• Hotspot 5 A This Hotspot covers a small portion of the Building 5 footprint For non
residential scenarios the probabilities that fetal PbB would exceed the PbB, (i e 10 ug/dL)
range from 0 6 to 30 2% exceeding the 5% threshold recommended by USEPA (USEPA
2003c) For the residential scenario modeled PbB levels ranged from 10 4 to 174 ug/dL
exceeding the threshold of 10 ug/dL recommended by USEPA (USEPA 2002e)

• Hotspot 7C This Hotspot covers a small portion of the Building 7 footprint For non
residential scenarios the probabilities that fetal PbB would exceed the PbB, (i e 10 ug/dL)
range from 0 6 to 12 2% exceeding the 5% threshold recommended by USEPA (USEPA
2003c) For the residential scenario modeled PbB levels ranged from 6 3 to 11 0 ug/dL
exceeding the threshold of 10 ug/dL recommended by USEPA (USEPA 2002e)
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Table 3 1
Exposure Areas Evaluated in the HHRA

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

EXPOSURE AREA

Focused Hotspot Areas
Building 1 hotspot A (1 A)
Building 1 hotspot B (1B)
Building 1 hotspot C (1C)
Building 2 hotspot (2)
Building 4 hotspot A (4A)
Building 4 hotspot B (4B)
Building 4 hotspot C (4C)
Building 4 hotspot D (4D)
Building 5 hotspot A (5A)
Building 5 hotspot B (5B)
Building 6 hotspot (6)
Building? hotspot A (7A)
Building 7 hotspot B (7B)
Building 7 hotspot C (7C)
Building 8 hotspot A (8A)
Buildings hotspot B (8B)
Northeast Parking Area hotspot (NE)
Roadways hotspot A (RDA)
Roadways hotspot B (RDB)
Roadways hotspot C (RDC)
Railroad hotspot (RR)
Sewer Line hotspot A (SEA)
Sewer Line hotspot B (SEB)____

Systematic Risk Assessment Areas
Building 1
Building 2
Building 4
Building 5
Building 6
Building 7
Building 8
Northeast Parking Area
Railroads
Roadways

Combined Data points
Site Wide
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TABLE 3 2
Exposure Parameters

Human Health Risk Asessment
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Exposure Frequency (days/year)
Exposure Duration (years)
Incidental Soil Ingestion Rate (mg/day)
Incidental Groundwater Ingestion Rate (ml/day)
Body Weight (kg)
Averaging Time for Non Carcinogens (days)
Averaging Time for Carcinogens (days)
Area of Exposed Skin (cm2)
Exposure Time (hours/day)
Inhalation Rate (m3/hour)
Permeability Constant (cm/hr)
Dermal Soil Adherence Factor (mg/cm2)
Dermal Absorption Factor (unitless)

Future Excavation/
Construction Worker

CTE RME
30 60
1 1

100 330
1 2

70 70
42 84

25 550 25 550
2 000 3 300

2 4
13 205
chemical specific
02 09

Future Worker

CTE RME
250 250
5 25

50 100

70 70
1 825 9 125

25 550 25 550
2 000 3 300

003 02

Current Trespasser

CTE RME
6 12
9 30

50 100

70 70
3285 10950

25 550 25 550
2 000 3 300

004 03

Hypothetical Future Resident

CTE RME
350 350
6/3a 6/24a

100/50 200/100

15/703 15/703

2190 2190
25 550 25 550

1440/20003 1913/33003

004 03
chemical specific

Residential exposure is evaluated using a combined child/adult scenario for cancer effects child only for non cancer effects
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Table 4 1
Toxicity Values for Chemicals of Potential Concern

Human Health Risk Assessment
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Chemical
Aroclor 1248
Aroclor 1254
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Carbon Tetrachlonde
Chloroform
Chrysene
DDE
DOT
1 1 Dichloroethene
Dibenzo(a hjanthracene
1 2 Dichloroethane
1 2 Diphenylhydrazine
lndeno(1 2 3 cd)pyrene
Polychlonnated biphenyls
TCDD
Total Aroclors
Antimony1

Arsenic2

Banum
Beryllium
Cadmium
Chromium3

Copper
Lead5

Mercury7

Permeability
Constant
(cm/hr)

NA
NA

47E 1
70E 1
70E 1
70E 1
1 6E2
68E3
47E 1

NA
NA

1 2E2
1 5E+0
42E3
1 3E2
1 OE+0

NA
NA
NA
NA

1 OE3
NA
NA
NA
NA
NA
NA
NA

Dermal
Absorption
(unltless)

1 4E 1
1 4E 1
1 3E1
1 3E 1
1 3E 1
1 3E 1

NA
0

NA
30E2
30E2

0
1 3E 1

0
NA

1 3E 1
1 4E 1
30E2
1 4E 1

0
30E2

0
0

1 OE3
0
0
0
0

Slope

Oral
(mg/kg day)

2/1 IRIS
2/1* IRIS

7 3E 1 NCEA
7 3E+0 IRIS
7 3E 1 NCEA
7 3E 2 NCEA
1 3E 1 IRIS
NTV

73E3 IRIS
34E1 IRIS
34E1 IRIS
NTV

7 3E+0 NCEA
91E2 IRIS
8 OE 1 IRIS
7 3E 1 NCEA

2/16 IRIS
1 5E+5 HEAST

2/1 IRIS
NTV

1 5E+0 IRIS
NTV
NTV
NTV
NTV
NTV
NTV
NTV

Factor

Inhalation
(mg/kg-day)
NA
NA
NA
NA
NA
NA

5 3E 2 IRIS
NTV
NA
NA
NA

NTV
NA

91E2 IRIS
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Chronic Ret

Oral
(mg/kg day)
NTV

2 OE 5 IRIS
NTV
NTV
NTV
NTV

7 OE-4 IRIS
1 OE 2 IRIS
NTV

5 OE-4 DOT
5 OE-4 IRIS
3 OE 2 IRIS
NTV

3 OE 2 NCEA
NTV
NTV
NTV
NTV
NTV

4 OE-4 IRIS
3 OE-4 IRIS
7 OE 2 IRIS
20E3 IRIS
5 OE-4 IRIS
30E3 IRIS
4 OE 2 HEAST
NTV

3 OE 4 IRIS

erence Dose

Inhalation
(mg/kg-day)
NA
NA
NA
NA
NA
NA

7 OE-4 R2R
8 6E 4 NCEA

NA
NA
NA

3 7E 2 IRIS
NA

1 4E 3 NCEA
NA
NA
NA
NTV
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Subchronic f

Oral
(mg/kg-day)

NTV
5 OE 5 HEAST
NTV
NTV
NTV
NTV

7 OE-4 IRIS
1 OE 2 HEAST
NTV

5 OE-4 DOT
5 OE-4 IRIS
50E2
NTV

3 OE 2 NCEA
NTV
NTV
NTV
NTV
NTV

4 OE-4 HEAST
3 OE-4 HEAST
7 OE 2 HEAST
5 OE 3 HEAST
NTV

2 OE 2 HEAST
4 OE 2 HEAST
NTV

3 OE 3 HEAST

Reference Dose

Inhalation
(mg/kg-day)

NA
NA
NA
NA
NA
NA

7 OE 4 R2R
8 6E 4 NCEA

NA
NA
NA

5 7E 2 HEAST
NA

1 4E 3 NCEA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NTV indicates that no toxiclty value was found for that chemical of concern
NA indicates that the exposure pathway Is not applicable to this nsk evaluation
Oral reference dose is for metallic antimony

20ral reference dose Is for Inorganic arsenic
'Oral reference dose Is for chromium VI salt
Route IP-route extrapolation from oral value

6EPA does not supply toxicity values for lead Lead is evaluated using the IEUBK model for children or the adult lead model for adults
Slope Factor for polychlonnated biphenyls is dependent on exposure pathway For relevant pathways at SLAAP RME SF is 2 0 CTE SF is 1 0

'Oral reference dose is for mercuric chloride
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Table 5 1
Potential Risks and Hazards for Excavation/Construction Workers

Surface and Subsurface Soils
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Exposure Area

Systematic Risk Assessment Areas
Building 1
Building 2
Building 4
Building 5
Building 6
Building 7
Building 8
Northeast Parking Area
Railroads
Roadways

Combined Data points
Site Wide

Focused Hotspot Areas
Building 1 hotspot A (1A)
Building 1 hotspot B(1B)
Building 1 hotspot C (1C)
Building 2 hotspot (2)
Building 4 hotspot A (4A)
Building 4 hotspot B (4B)
Building 4 hotspot C (4C)
Building 4 hotspot D (4D)
Building 5 hotspot A (5A)
Buildings hotspot B (5B)
Building 6 hotspot (6)
Building? hotspot A (7A)
Building 7 hotspot B (7B)
Building 7 hotspot C (7C)
Building 8 hotspot A (8A)
Building 8 hotspot B (8B)
Northeast Parking Area hotspot (NE)
Roadways hotspot A (RDA)
Roadways hotspot B (RDB)
Roadways hotspot C (RDC)
Railroad hotspot (RR)
Sewer Line hotspot A (SEA)
Sewer Line hotspot B (SEB)

Central Tendt
(c-

Hazard Index

00023
0015
00014
0085
00036
00047
00010

0
00014
0024

010

00032
00069
0035
0018
00015
00014

0
00019

1 3
0

00033
00046
000015
00019

0
0
0
0

0036
00020
00019

0
0

jncy Exposure
rE)
Cancer Risk

31E9
1 OE8
1 8E9
44E8
59E 10
66E9
22E9
39E 9

69E 10
21E9

38E8

27E 10
95E9
26E8
1 8E8
85E9
32E8
77E9
OOE+0
67E7
1 5E8

48E 10
1 4E8

84E 10
24E9
70E9
34E9
1 7E8
1 1E8
1 7E9
OOE+0

0
30E8
34E9

Reasonable
Exposur

Hazard Index

0014
017

00054
085
0024
0023
00034

0
00050
0085

068

0031
0060
020
017
0006
00054

0
00076

80
0

0021
0025

0 00088
00071

0
0
0
0

029
00081
00090

0
0

j Maximum
B (RME)
Cancer Risk

48E8
1 8E7
27E8
95E7
1 1E8
1 OE7
28E8
68E8
81E9
25E8

50E7

1 OE8
21E7
30E7
24E7
1 9E7
94E7
1 4E7
OOE+0
99E6
33E7
86E9
28E7
1 3E8
60E8
1 5E7
58E8
45E7
27E7
39E8
OOE+0

0
55E7
32E8
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Table 5 2
Potential Risks and Hazards for Industrial/Commercial Workers

Surface Soils
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Exposure Area

Systematic Risk Assessment Areas
Building 1
Building 2
Building 4
Building 5
Building 6
Building 7
Building 8
Northeast Parking Area
Railroads
Roadways

Combined Data points
Site Wide

Focused Hotspot Areas
Building 1 hotspot A (1 A)
Building 1 hotspot B(1B)
Building 1 hotspot C (1C)
Building 2 hotspot (2)
Building 4 hotspot A (4A)
Building 4 hotspot B (4B)
Building 4 hotspot C(4C)
Building 4 hotspot D (4D)
Building 5 hotspot A (5A)
Building 5 hotspot B (5B)
Building 6 hotspot (6)
Building 7 hotspot A (7 A)
Building 7 hotspot B (7B)
Building 7 hotspot C(7C)
Building 8 hotspot A (8A)
Building 8 hotspot B (SB)
Northeast Parking Area hotspot (NE)
Roadways hotspot A (RDA)
Roadways hotspot B (RDB)
Roadways hotspot C (RDC)
Railroad hotspot (RR)
Sewer Line hotspot A (SEA)
Sewer Line hotspot B (SEB)

Central Tende
(c-

Hazard Index

00051
0034
00036
0079
00010
00072

0
0
0

0016

011

0010
0013
0018
0034

0
00051

00048
1 2
0

00015
00075

0
00051

0
0
0

0042
00065

jncy Exposure
FE)
Cancer Risk

83E8
28E7
OOE+0
1 5E6
22E 9
28E7
1 4E8
88E8
1 1E8
36E8

1 1E6

1 4E8
40E7
58E7
37E7
32E7
99E7

OOE+0
24E5
88E8
47E9
47E7
21E8
1 OE7
32E8
53E8
76E7

65E8
OOE+0

Reasonable
Exposur

Hazard Index

0018
031

00092
048

00034
0022

0
0
0

0036

056

0033
0046
0055
023

0
0010

0011
28
0

00058
0026

0
0010

0
0
0

0083
0015

5 Maximum
e (RME)
Cancer Risk

29E6
90E6
OOE+0
54E5
51E8
81E6
36E7
30E6
31E7
84E7

26E5

47E7
90E6
88E6
89E6
51E6
26E5

OOE+0
32E4
1 4E6
1 3E7
1 5E5
34E7
1 6E6
1 OE6
85E7
1 2E5

1 OE6
OOE+0

No COPCs were identified in surface soils in these areas
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Table 5 3
Potential Risks and Hazards for Trespassers/Site Visitors

Surface Soils
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Exposure Area

Systematic Risk Assessment Areas
Building 1
Building 2
Building 4
Building 5
Building 6
Building 7
Building 8
Northeast Parking Area
Railroads
Roadways

Combined Data points
Site Wide

Focused Hotspot Areas
Building 1 hotspotA(IA)
Building 1 hotspot B (1B)
Building 1 hotspot C (1C)
Building 2 hotspot (2)
Building 4 hotspot A (4A)
Building 4 hotspot B (4B)
Building 4 hotspot C(4C)
Building 4 hotspot D (4D)
Building 5 hotspot A (5A)
Building 5 hotspot B (5B)
Building 6 hotspot (6)
Building 7 hotspot A (7A)
Building 7 hotspot B (7B)
Building 7 hotspot C (7C)
Building 8 hotspot A (8A)
Building 8 hotspot B (8B)
Northeast Parking Area hotspot (NE)
Roadways hotspot A (RDA)
Roadways hotspot B (RDB)
Roadways hotspot C (RDC)
Railroad hotspot (RR)
Sewer Line hotspot A (SEA)
Sewer Line hotspot B (SEB)

Central Tendf
(C

Hazard Index

000012
0 00086
0 000086
00019

0 000025
000018

0
0
0

0 00038

00025

0 00025
0 00032
0 00044
0 00086

0
000012

000012
0029

0
0 000035
000018

0
000012

0
0
0

00010
000015

jncy Exposure
TE)
Cancer Risk

38E9
1 2E8
OOE+0
66E8
97E 11
1 3E8

65E 10
40E9

49E 10
1 6E9

46E8

65E 10
1 8E8
26E8
1 6E8
1 4E8
45E8

OOE+0
1 OE6
40E9
20E10
2 1E 8
96E 10
45E9
1 5E9
24E9
34E8

29E9
OOE+0

Reasonable
Exposur

Hazard Index

0 00085
0018

0 00044
0025

000016
00012

0
0
0

00017

0031

00020
00022
00028
0013

0
0 00049

0 00052
014

0
0 00029
00014

0
0 00049

0
0
0

00040
0 00074

; Maximum
e (RME)
Cancer Risk

20E7
60E7
OOE+0
36E6
32E9
58E7
25E8
21E7
22E8
59E8

1 7E6

34E8
64E7
55E7
58E7
36E7
1 8E6

OOE+0
21E5
1 OE7
81E9
1 1E6
24E8
1 1E7
71E8
60E8
86E7

74E8
OOE+0

No COPCs were identified in surface soils in these areas
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Table 5 4
Potential Risks and Hazards for Hypothetical Future Residents

Surface Soils
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Exposure Area

Systematic Risk Assessment Areas
Building 1
Building 2
Building 4
Building 5
Building 6
Building 7
Building 8
Northeast Parking Area
Railroads
Roadways

Combined Data points
Site Wide

Focused Hotspot Areas
Building 1 hotspot A (1 A)
Building 1 hotspot B (1 B)
Building 1 hotspot C (1C)
Building 2 hotspot (2)
Building 4 hotspot A (4A)
Building 4 hotspot B (4B)
Building 4 hotspot C (4C)
Building 4 hotspot D (4D)
Building 5 hotspot A (5A)
Building 5 hotspot B (5B)
Building 6 hotspot (6)
Building 7 hotspot A (7A)
Building 7 hotspot B (7B)
Building 7 hotspot C (7C)
Building 8 hotspot A (8A)
Building 8 hotspot B (8B)
Northeast Parking Area hotspot (NE)
Roadways hotspot A (RDA)
Roadways hotspot B (RDB)
Roadways hotspot C (RDC)
Railroad hotspot (RR)
Sewer Line hotspot A (SEA)
Sewer Line hotspot B (SEB)

Central Tends
(C-

Hazard Index

0066
041
0047

1 0
0013
0092

0
0
0

021

1 2

012
017
023
041

0
0066

0063
15
0

0019
0 10

0
0066

0
0
0

054
0084

;ncy Exposure
rE)
Cancer Risk

1 3E6
45E6
OOE+0
24E 5
36E8
4 4 E 6
22E7
1 4E6
17E7
55E7

1 7E5

22E7
61E6
95E6
60E6
49E6
1 5E5

OOE+0
38E4
1 4E6
76E8
72E6
33E7
1 5E6
50E7
82E7
1 2E5

1 OE6
OOE+0

Reasonable
Exposur

Hazard Index

023
30
012
58

0043
024

0
0
0

046

59

031
060
065
22
0

013

014
33
0

0073
029

0
013

0
0
0

1 1
020

3 Maximum
e (RME)
Cancer Risk

1 1E5
37E5
OOE+0
2 2 E 4
22E7
32E5
1 4E6
1 2E5
1 2E6
33E6

1 1E4

1 9E6
36E5
38E5
37E5
20E5
1 OE4

OOE+0
1 3E 3
56E6
56E7
61E5
1 4E6
64E6
40E6
34E6
48E5

41E6
OOE+0

No COPCs were identified in surface soils in these areas

Table5-4xls Sheet! Page 1 of 1 03/17/2004 4 00 PM



Table 5-5
Summary of Cancer Risks and Non-Cancer Hazard Indices

Indoor Air
St Louis Army Ammunition Plant (SLAAP)

St LOUDS, Missouri

Hypothetical Future Resident
(Houses with Basements)

Soil
1 1 1 Trichloroethane

Groundwater
1 1 Dichloroethylene
1 2 Dichloroethane
Carbon Tetrachlonde
Chloroform
Total

Hypothetical Future Resident
(Houses with Slab on Grade Foundations)

Soil
1 1 1 Trichloroethane

Groundwater
1 1 Dichloroethylene
1 2 Dichloroethane
Carbon Tetrachlonde
Chloroform
Total

Hazard Index

0 000036

00014
NA
NA
NA

000144

HBHZSS^SKSM f̂fflsmsgmm.

0 00008

0 00082
NA
NA
NA

00009

Cancer Risk

NA

NA
510E09
4 80E-08
2 OOE 07
2 53E-07

NA

NA
2 90E-09
2 80E-08
1 10E 07
1 41E-07



Table 5 6
Potential Risks and Hazards for Excavation/Construction Workers

Site Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Central Tendenc
Hazard Index

00078

y Exposure (CTE)
Cancer Risk

1 OE7

Reasonable Maxim
Hazard Index

0025

jm Exposure (RME)
Cancer Risk

66E7

Tables 6 xls Sheetl Page 1 of 1 03/17/2004 401 PM
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Figure 3 1
Site Conceptual Exposure Model

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri
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Attachment A 1 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Building 1 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Building 1 Surface Soil
Dermal

Absorption
(mg/kg-day)11 Backaround
i

Chemical
ATsenic
Befyfiium

30E-03
40E 02

NTV
MTV
NTV

Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

10/10
10/10
7/10
7/10
7/10

lndeno(1 2 3-cd)pvrene

Building 1 Combined Surface and Subsurface Soil (0-10 feet BGS)

Dermal
Absorption
(unitless)

Minimum Maximum Frequency of
units Detect | Detect Detection RME

30/30
30/30
20/30
16/30
18/30

Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

|lndeno(1 2 3-cd)pyrene

NE Not evaluated quantitatively
NTV No toxicrty value

Building 1 R sks xl3 Data 9/9/2003 3 IB PM



Attachment A 1-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD,,,,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

! CF = Conversion Factor (1 x 106 kg/mg) |

AD = Adherence Factor for Soil (mg/cm2)
' i AB = Absorbed Fraction (unitless) ,

! SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year) '
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D«ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ,,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)

, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical |
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS,
21 6

I 125
028
015
026
0053
018

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09
09

AB
0
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
60
60
60
60
60
60
60

' ED
1
1 I
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT

84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550

RfDra,
20E02
40E02

NTV
NTV
NTV
NTV
NTV

I
SF ,
MTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

26E9
1 4E8
25E9
50E9
1 7E9
26E8

BuildmiijMteks xls Excavation Worker dermal RME 8/1 1 56PM



Attachment A-1-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDoral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)f!uoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
21 6
125
028
015
026
0053
018

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330

EF
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550

RfO ,
20E 02
40E02

NTV
NTV
NTV
NTV
NTV

SFral

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
36E 3
1 1E2

NA
NA
NA
NA
NA

1 4E2

Cancer
Risk
NA
NA

23E9
1 2E 8
21E9
43E9
1 5E9
22E8

Building 1 Risks xls Excavation Worker-oral RME 8/12/2003 1 56 PM



Attachment A-1 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) i

1 AD = Adherence Factor for Soil (mg/cm2)
i AB = Absorbed Fraction (unitless) i

SA = Surface Area of Exposed Skin (cm2/day)
EF,= Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
187
54

017
0085
016
0038
011

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02
02

AB
0
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF E
30
30
30
30
30
30
30

\

D BW
70
70
70
70
70
70
70

AT
42
42
42
42
42
42
42

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E02
40E02

NTV
NTV
NTV
NTV
NTV

I
SF , i
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE-i-0

Cancer :
Risk
NA
NA

1 1E 10
54E 10
1 OE 10
24E 10
70E 11
1 1E9

Building xls Excavation Worker de mat CTE 8/1 3 1 56 PM



Attachment A-1 -5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATre = Averaging Time for Non Carcinogens (days)
RiDomi = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF0 J/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
187
54

017
0085
016
0038
011

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

ATnc

42
42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550
25550

RfDoral

20E02
40E02

NTV
NTV
NTV
NTV
NTV

SFoal

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
95E 4
1 4E3

NA
NA
NA
NA
NA

23E3

Cancer
Risk
NA
NA

21E 10
1 OE9

20E 10
47E 10
1 3E 10
20E9

Building 1 Risks xls Excavation Worker oral CTE 8/12/2003 1 56PM



Attachment A 1 6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI <= (CS CF AD AB SA EF ED)/(BW AT RfD0 a)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

l CF = Conversion Factor (1 x 10"6 kg/mg)
I AD = Adherence Factor for Soil (mg/cm2)

AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R(D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenzfa h)anthracene
lndeno(1 2 3 cd)pyrene

CS
269
368
074
031
066

0107
045

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020
020
020

AB
0
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT AT
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfD ,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF..M

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

1 6E7
68E7
1 4E7
23E7
98E8
1 3E6

iî f̂eks xls Site Worker dermal RME 0 1 56 PM



Attachment A-1-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD0 ,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R|D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoa))/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
269
368
074
031
066

0107
045

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT ATC

9125 25550
9125 25550
9125 25550
9125 25550
9 125 25550
9125 25550
9125 25550

RfDoal

30E03
40E02

NTV
NTV
NTV
NTV
NTV

SFoal

NTV
NTV

73E 01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
88E3
90E3

NA
NA
NA
NA
NA

1 8E2

Cancer
Risk
NA
NA

1 9E7
79E7
1 7E7
27E7
1 1E7
1 5E6

Building 1 Risks xls Site Worker oral RME 8/12/2003 1 56PM



Attachment A 1-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0 05 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/{BW AT^ RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)

i CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless) '

1 SA = Surface Area of Exposed Skin (cm2/day) '
EF = Exposure Frequency (days/year) '
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT*, = Averaging Time for Non Carcinogens (days)
R(D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ^/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
207
140
033
014
031

0057
021

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003
003
003

AB
0
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

AT
1 825
1 825
1 825
1 825
1 825
1 825
1 825

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF0 ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

1 3E9
56E9
1 2E9
23E9
84E 10
1 1E8

Buildin^^sks xls Sits Worker dermal CTE 8/12/2003 1 56 PM3/12/2003



Attachment A-1-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT,,,. RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForaJ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
207
140
033
014
031
0057
021

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

AT AT

1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550

RfDra,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SFral

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
34E 3
1 7E3

NA
NA
NA
NA
NA

51E3

Cancer
Risk
NA
NA

84E9
36E8
79E9
1 5E8
54E9
72E8

Building 1 Risks xls Site Worker-oral CTE 8/12/2003 1 56PM



Attachment A-1 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD ral)

Where HI = Hazard Index (umtless)
CS =! Concentration of Chemical in Soil (mg/kg)

, 1 C F = Conversion Factor ( 1 x 10"6 kg/mg) i ;

AD = Adherence Factor for Soil (mg/cm2),] ,
I AB = Absorbed Fraction (umtless)

i |l ' SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year) i
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

I
Chemical

Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
269

' 368
074
031
066

0107
045

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03

AB
0
0

013
013
013
013
013

SA
,3300
3300
3300
3300
3300
3300
3300

ii
EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

ATe AT
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfD i
, 3 OE 03
40E02

NTV
NTV
NTV
NTV
NTV

SFol '
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

1 4E8
59E8
1 2E8
20E8
85E9
1 1E7

Buildlng^Ulsks xls Trespasser dermal RME 8/12/2003 1 56PM



Attachment A-1 -11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
269
368
074
031
066

0107
045

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

AT c ATC

10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfDora,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SForal

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
42E4
43E4

NA
NA
NA
NA
NA

85E4

Cancer
Risk
NA
NA

1 1E8
46E8
97E9
16E8
66E 9
88E8

Building 1 Risks xts Trespasser oral RME 8/12/2003 1 56PM



Attachment A 1 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT,* RfD „)

r
Where HI = Hazard Index (unitless)

CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)

i | AD = Adherence Factor for Soil (mg/cm2)
i ' AB = Absorbed Fraction (unitless)

SA = Surface Area of Exposed Skin (cm2/day)
i EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ral = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
207
140
033
014
031
0057
021

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004

AB
0
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70

AT
3285
3285
3285
3285
3285
3285
3285

AT
25550
25550
25550
25550
25550
25550
25550

RfDra,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE-t-0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

76E 11
32E 10
71E 11
13E 10
48E 11
65E 10

Bu Idlng t̂tsk;ks xls Trespasser dermal CTE 8/1 1 56PM



Attachment A-1-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF a,)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
207
140
033
014
031
0057
021

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70

AT c ATC

3285 25550
3285 25550
3285 25550
3285 25550
3 285 25 550
3285 25550
3285 25550

RfDoral

30E03
40E02

NTV
NTV
NTV
NTV
NTV

SForai

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
81E5
41E5

NA
NA
NA
NA
NA

1 2E4

Cancer
Risk
NA
NA

36E 10
1 5E9

34E 10
63E 10
23E 10
31E9

Building 1 Risks xls Trespasser oral CTE 8/12/2003 1 56PM



Attachment A 1 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
—— COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA^ d EF ED hlld)/(BW ,d AT,,, RfD )
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 8 kg/mg) i
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchgd = Surface Area of Exposed Skin for a Child (cm2/day)
SA.d | = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED ^ = Exposure Duration for a Child (years)
ED d , = Exposure Duration for an Adult (years)
BW hld = Body Weight for a Child (kg)
BW d = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D , = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ral ((SA^ ED Md/BW hM)+(SA.d , ED „ ,/BW „ i,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF „ = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

I

CS
269
368
074
031
066
0107
045

CF
1E-6
1E-6
1E6
1E6
1E-6
1E-6
1E-6

i
AD
03
03
03
03
03
03
03

AB
0
0

013
013
013
013
013

I

SAchlld ^^>d It EF &D hUd CD d fj

1 913
1 913
1 913
1 913
1 913
1 913
1913

3300
3300
3300
3300
3300
3300
3300

350
350
350
350
350
350
350

6
6
6
6
6
6
6

24
24
24
24
24
24
24

BWhlld

15
15
15
15
15
15
15

B W d n AT^
70
70
70
70
70
70
70

2 190
2 190
2190
2 190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RID ,

30E-03
40E-02

NTV
NTV
NTV
NTV
NTV

SF
NTV
NTV

73E01
7 3E+00
73E-01
7 3E+00
73E01

Total

Hazard
Index

0
0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

5 5 E 7
2 3 E 6
49E 7
79E7
33E 7
45E6

Bultf xl3 Reside t-dermalRME 1 56PM



Attachment A 1 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFU,, EF ED w,d)/(BW hlld AT^ RfD^ ,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchiid = Exposure Duration for a Child (years)
ED dun = Exposure Duration for an Adult (years)
BW hlld = Body Weight for a Child (kg)
BW d i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xtO"6 kg/mg)
IRcwid = Soil Ingestion Rate for a Child (mg/day)
IP MI = Soil Ingestion Rate for an Adult (mg/day)
R|Dwai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF ral ((IFUa ED hlld/BW hlld)+(IR „ „ ED „ ,,/BW d lt)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
269
368
074
031
066

0107
045

CF
1E6
1E6
1E6
1E6
1E-6
1E-6
1E-6

If hlld

200
200
200
200
200
200
200

IRdi,
100
100
100
100
100
100
100

EF
350
350
350
350
350
350
350

ED hlld

6
6
6
6
6
6
6

EDd l t

24
24
24
24
24
24
24

BW hlld

15
15
15
15
15
15
15

B W d ,
70
70
70
70
70
70
70

AT,*
2 190
2 190
2190
2 190
2 190
2 190
2 190

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E-01
73E+00
73E-01

Total

Hazard
Index
1 1E 1
1 2E 1

NA
NA
NA
NA
NA

23E 1

Cancer
Risk
NA
NA

8 5 E 7
35E6
7 5 E 7
1 2E 6
51E7
69E6

Build ng 1 Risks xls Resident-oral RME 8/12/2003 1 56PM



Attachment A 1 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
-* COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

RID ra!)Equation 1 HI = (CS CF AD AB SA^ EF ED hld)/(BW „„ AT^
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) i

I AB = Absorbed Fraction (unitless)
Sfi^u = Surface Area of Exposed Skin for a Child (cmj/day)l
SA d i, = Surface Area of Exposed Skin for an Adult (cm /day) {

EF = Exposure Frequency (days/year)
ED hi<i = Exposure Duration for a Child (years)
ED d i = Exposure Duration for an Adult (years)
BW hM = Body Weight for a Child (kg)
BW d i = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF , ((SA^ ED hld/BW hBd)+(SA d , ED „ ,/BW „ lt)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF „, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical CS CF AD AB BW hlld BW „ , AT™, AT RfD
Hazard Cancer

SF „, index Risk
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
8enzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

207
140
033
014
031
0057
021

1E6
1E-6
1E-6
1E6
1E6
1E6
1E-6

004
004
004
004
004
004
004

0
0

0 13
013
0 13
013
013

1 440
1 440
1 440
1 440
1 440
1 440
1 440

2000
2000
2000
2000
2000
2000
2000

350
350
350
350
350
350
350

6
6
6
6
6
6
6

3
3
3
3
3
3
3

15
15
15
15
15
15
15

70
70
70
70
70
70
70

2 190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550

30E03
40E02

NTV
NTV
NTV
NTV
NTV

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

NA
NA

1 1E8
48E8
1 1E8
20E8
72E 9
97E8

Buildl a xts R Ide t-dermalCTE •̂̂ 03 1 56PM



Attachment A 1 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 1 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR „,,„ EF ED h]d)/(BW m ATW RfD «,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDcnaa = Exposure Duration for a Child (years)
ED o i, = Exposure Duration for an Adult (years)
BW hlld = Body Weight for a Child (kg)
BW d,,,, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchM = Soil Ingestion Rate for a Child (mg/day)
IR oui, = Soil Ingestion Rate for an Adult (mg/day)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF ,̂ ((IFUd ED hlld/BW hlld)+(IR
(cancer nsk assumes child + adult exposure)

ED „ ,/BW „ lt)))/(AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFor i = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
207
140
033
014
031
0057
021

CF
1E-6
1E-6
1E-6
1E-6
1E-6
1E6
1E-6

IR hlld

100
100
100
100
100
100
100

iRdi.
50
50
50
50
50
50
50

EF
350
350
350
350
350
350
350

ED hlld

6
6
6
6
6
6
6

EDd l t

3
3
3
3
3
3
3

BW hlld

15
15
15
15
15
15
15

BW d l t

70
70
70
70
70
70
70

AT
2 190
2190
2190
2190
2 190
2 190
2 190

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
30E-03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E-01
73E+00
73E01
73E+00
73E01

Total

Hazard
Index
4 4E 2
2 2 E 2

NA
NA
NA
NA
NA

66E2

Cancer
Risk
NA
NA

1 4E7
59E7
1 3E7
2 4 E 7
8 9 E 8
1 2E-6

Bu Id g 1 Risks Is Resident o al CTE 8/12/2003 156PM



Attachment A-1-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Building 1 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

Current Trespasser/Site Visitor
Dermal
Ingestion
Total

Hypothetical Future Resident
Dermal -
Ingestion
Total

~ Hazard
CTE

0
00023
00023

0
00051
00051

0
000012
000012

0
0066
0066

Index
RME

0
0014
0014

0
0018
0018

0
0 00085
0 00085

0
023
023

Cancer
CTE

1 1E9
20E9
31E9

1 1E8
72E8

- 83E8

65E 10
3 1 E 9
38E9

97E8
1 2E6
1 3E6

Risk
RME

26E8
22E8
48E8

1 3E6
1 5E6
29E6

1 1E7
88E8
20E7

45E6
69E6
1 1E5

Building 1 Risks xls Risk Summary 8/12/2003 1 56 PM



Attachment A 2 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Building 2 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Building 2 Surface Soil

Building 2 Combined Surface and Subsurface Soil (0-10 feet BGS)

Lead has no RfD or SF and is evaluated separately
The RfD for PCB 1254 is used to evaluate hazard for PCB 1248

IRIS recommends using a slope factor of 2 0 for RME and 1 0 for CTE
NE Not evaluated quantitatively
MTV No toxicrty value

Suiting 2 R ska Is Data 9/9/2003 321PM



Attachment A-2-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD0 al)

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg)

, CF = Conversion Factor (1 x 10"6 kg/mg) ' >' '
i AD = Adherence Factor for Soil (mg/cm2)

' AB = Absorbed Fraction (unitless) ' ' '
SA = Surface Area of Exposed Skin (cm2/day) f
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB1248
Benzo(a)pyrene

CS
5 52E 05

1 11
0044

CF
1E6
1E6
1E6

AD AB
09 003
09 014
09 013

SA EF
3 300 60
3 300 60
3 300 60

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATC RfDora,
25 550 NTV
25550 50E05
25 550 NTV

i
SFora:

1 5E+05
2 OE+00
7 3E+00

Total

Hazard
Index

NA
94E2

NA
94E2

Cancer
Risk

2 5 E 8
31E8
42E9
60E8

Buildin^̂ i:lisks xls Excavation Worker dermal RME 8/20/2003 2 15 PM



Attachment A-2-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Dioxm TEQ
PCB 1248
Benzo(a)pyrene

CS
5 52E 05

1 11
0044

CF
1E6
1E6
1E6

IR
330
330
330

EF
60
60
6?

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATC

25550
25550
25550

RfDoral

NTV
50E05

NTV

SForai
1 5E+05
2 OE+00
7 3E+00

Total

Hazard
Index

NA
7 5 E 2

NA
7 5 E 2

Cancer
Risk

9 2 E 8
2 5 E 8
36E9
1 2E7

Building 2 Risks xls Excavation Worker oral RME 8/20/2003 2 15PM



Attachment A-2-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless) i
i CS = Concentration of Chemical in Soil (mg/kg) , i '

i CF = Conversion Factor (1 x 10 6 kg/mg)
i AD = Adherence Factor for Soil (mg/cm2)

AB = Absorbed Fraction (unitless) ,
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1 i

Chemical
Dioxm TEQ
PCB1248
Benzo(a)pyrene

CS
3 07E 05

046
0029

CF
1E6
1E6
1E6

AD AB
02 003
02 014
02 013

SA EF
2 000 30
2 000 30
2 000 30

ED
1
1
1

BW
70
70
70

ATnc

42
42
42

ATC RfDoral

25 550 NTV
25 550 5 OE 05
25 550 NTV

SF0ral

1 5E+05
1 OE+00
7 3E+00

Total

Hazard
Index

NA
53E3

NA
53E3

Cancer
Risk

93E 10
43E 10
1 8E 10
1 5E9

Buildm^^Ri!isks xls Excavation Worker dermal CTE 8/20/2003 215PM10/2003



Attachment A-2-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248
Benzo(a)pyrene

CS
3 07E 05

046
0029

CF
1E6
1E6
1E6

IR
100
100
100

EF
30
30
30

ED
1
1
1

BW
70
70
70

ATnc

42
42
42

ATe

25550
25550
25550

RfDora,
NTV

50E05
NTV

SFora)

1 5E+05
1 OE+00
7 3E+00

Total

Hazard
Index

NA
94E3

NA
9 4 E 3

Cancer
Risk

77E 9
77E 10
36E 10
8 9 E 9

Building 2 Risks xls Excavation Worker oral CTE 8/20/2003 2 15 PM



Attachment A-2-6
Future Industrial/Commercial Worker

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless) !

' CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg) '
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R|Dora] = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora! = Oral Cancer Slope Factor (mg/kg/day)1 '

Chemical
Dioxm TEQ
PCB 1248

CS
7 25E 05

33

CF
1E6
1E6

AD AB
020 003
020 014

SA EF
3300 250
3300 250

ED
25
25

BW
70
70

ATne ATC

9 125 25550
9125 25550

RfDora,
NTV

20E05

SForai
1 5E+05
2 OE+00

Total

Hazard
Index

NA
1 5E 1
1 5E 1

Cancer
Risk

7 5 E 7
2 1 E 6
2 9 E 6

Buildmnc^ îisks xls Site Worker dermal RME 8/20/2003 2 15PM



Attachment A-2-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
7 25E 05

33

CF
1E6
1E6

IR
100
100

EF
250
250

ED
25
25

BW
70
70

ATne ATC

9125 25550
9125 25550

RfDorai
NTV

20E05

SFora|

1 5E+05
2 OE+00

Total

Hazard
Index

NA
1 6E 1
1 6E1

Cancer
Risk

38E 6
23E6
61E6

Building 2 Risks xls Site Worker-oral RME 8/20/2003 215PM



( Attachment A-2-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

! i Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)!

! CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) ' '
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForai)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days) i

i SForai = Oral Cancer Slope Factor (mg/kg/day)1 i

Chemical
Dioxm TEQ
PCB1248

CS
4 24E 05

1 2

CF
1E6
1E6

AD AB
003 003
003 014

SA EF
2 000 250
2 000 250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

R^oral

NTV
20E05

SForal

1 5E+05
1 OE+00

Total

Hazard
Index

NA
4 9 E 3
49E3

Cancer
Risk

80E9
70E9
1 5E8

Buildiu f̂ iisks xls Site Worker dermal CTE 8/20^^3 2 15PM



Attachment A-2-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
4 24E 05

1 2

CF
1E6
1E6

IR
50
50

EF
250
250

ED
5
5

BW
70
70

ATnc ATe

1 825 25 550
1 825 25 550

RfDoral

NTV
20E05

SFoal

1 5E+05
1 OE+00

Total

Hazard
Index

NA
29E2
29E2

Cancer
Risk

22E 7
4 2 E 8
26E7

Building 2 Risks xls Site Worker-oral CTE 8/20/2003 2 15 PM



Attachment A-2-10
Current Trespasser/Site Visitor

Estimated Risk-for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDorai)

' Where HI = Hazard Index (unitless) ' { '
CS = Concentration of Chemical in Soil (mg/kg)

' CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (trig/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDoraj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days) ,
SForai = Oral Cancer Slope Factor (mg/kg/day)1 i

Chemical
Dioxm TEQ
PCB1248

CS
7 25E 05

33

CF
1E6
1E6

AD
03
03

AB
003
014

SA EF
3300 12
3300 12

ED
30
30

BW
70
70

ATnc ATC RfDoral

10950 25550 NTV
10950 25550 2 OE 05

SForai
1 5E+05
2 OE+00

Total

Hazard
Index

NA
1 1E2
1 1E2

Cancer
Risk

65E8
1 8E7
25E7

Buildino2 Risks xls Trespasser dermal RME 8/20/2003 2 15PM



Attachment A-2-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB1248

CS
7 25E 05

33

CF
1E6
1E6

IR
100
100

EF
12
12

ED
30
30

BW
70
70

ATnc ATC

10950 25550
10950 25550

RfDoral

NTV
20E05

SFora)

1 5E+05
2 OE+00

Total

Hazard
Index

NA
77E3
77E3

Cancer
Risk

22E7
1 3E7
35E7

Building 2 Risks xls Trespasser oral RME 8/20/2003 218PM



Attachment A-2-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless) (
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg) i
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxm TEQ
PCB 1248

CS
4 24E 05

1 2

CF
1E6
1E6

AD AB
0 04 0 03
004 014

SA EF
2000 6
2000 6

ED
9
9

BW
70
70

ATne ATC

3285 25550
3285 25550

RfDora.

NTV
20E05

SForal

1 5E+05
1 OE+00

Total

Hazard
Index

NA
1 6E4
1 6E4

Cancer
Risk

46E 10
41E 10
87E 10

Buildĵ Riisks xls Trespasser dermal CTE 8/20, 2 15PM



Attachment A-2-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxin TEQ
PCB 1248

CS
4 24E 05

1 2

CF
1E6
1E6

IR
50
50

EF
6
6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3285 25550

RfDora,
NTV

20E05

SForai
1 5E+05
1 OE+00

Total

Hazard
Index

NA
70E4
70E4

Cancer
Risk

9 6 E 9
1 8E9
1 1E8

Building 2 Risks xls Trespasser oral CTE 8/20/2003 2 15 PM



Attachment A 2 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD JEquation 1 HI = (CS CF AD AB SA^ EF EDchlld)/(BWchlId AT^
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unrtless)
SAchnd = Surface Area of Exposed Skin for a Child (cm2/day)
SAadU|, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchiu = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BWc,™ = Body Weight for a Child (kg)
BW d i, = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RiD ,3, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((SA^ EDchlld^WchNd)+(SA „ „ ED „ ,/BW d ,,)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Dioxm TEQ
PCS 1248

CS
7 25E 05

33

CF
1E6
1E6

AD
03
03

AB SAehi,,,
003 1913
014 1913

SAadlt EF
3300 350
3300 350

ED hlld ED „ „
6 24
6 24

BWhlld BW d l t

15 70
15 70

AT AT RfD ,
2190 25550 NTV
2190 25550 2 OE 05

SFral

1 5E+05
2 OE+00

Total

Hazard
Index

NA
85E 1
85E 1

Cancer
Risk

25E6
72E6
97E6

ulldluAGlsilsks xls Resident dermal RME 9/10/2003 9 07 AM



Attachment A-2 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDchkJ)/(BWchlld AT c RfDoa))
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hld = Exposure Duration for a Child (years)
EDgo I, = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BW^ „ = Body Weight for an Adult (kg)
AT,,,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR „,,(, = Soil Ingestion Rate for a Child (mg/day)
IRaom, = Soil Ingestion Rate for an Adult (mg/day)
R,Doral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF ^ ((IR hlld EDchld/BWchld)+(IR d „ EDad ,,/BW d lt)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)1

Hazard Cancer
Chemical_______CS____CF IR hiid 'R n u EF ED^no ED d u BW h||d BW d ,t AT AT RfD0 , SF , index Risk

Dioxm TEQ
PCB 1248

7 25E 05
33

1E6
1E6

200
200

100
100

350
350

6
6

24
24

15
15

70
70

2190 25550 NTV 1 5E+05 NA
2 190 25 550 2 OE 05 2 OE+00 2 1 E+0

Total 21 E+0

1 7E 5
1 OE5
27E5

Building 2 Risks xls Resident-oral RME 8/20/2003 2 15 PM



Attachment A-2-1 6
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED hii(i)/(BWchi,(1 AT^ RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg)

i ' CF = Conversion Factor (1x10* kg/mg)
I i AD = Adherence Factor for Soil (mg/cm2)

AB = Absorbed Fraction (unitless)
SAcn ,d = Surface Area of Exposed Skin for a Child (cm2/day)
SA a i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchuo = Exposure Duration for a Child (years)
ED a |, = Exposure Duration for an Adult (years)
BWcMia = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D ral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF0 „,
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

„ EDad ,,/BWad ,,)))/(AT )

Chemical
Dioxin TEQ
PCB1248

CS
4 24E 05

1 2

CF
1E6
1E6

AD AB
0 04 0 03
004 014

SA h,id SA „ i, EF ED hlld

1 440 2 000 350
1 440 2 000 350

6
6

EDd l l

3
3

BW hlld

15
15

BW d l t AT AT RfD ,
70
70

2190 25550 NTV
2190 25550 2 OE 05

Hazard
SF i index

1 5E+05 NA
1 OE+00 3 1 E 2

Total 31E2

Cancer
Risk

6 9 E 8
61E8
1 3E7

BuMlrafl^liks xls Resident dermal CTE 2 15PM



Attachment A 2 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF ED^JABW hld ATTC RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDouid = Exposure Duration for a Child (years)
EDad n = Exposure Duration for an Adult (years)
BWcMd = Body Weight for a Child (kg)
BW^ „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR h|d = Soil Ingestion Rate for a Child (mg/day)
IR dun = Soil Ingestion Rate for an Adult (mg/day)
R,D mi = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFoal ((IRchld hld)+(IR „,„ ED d lt/BWad lt)))/(ATc

(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Dioxm TEQ
PCB1248

CS
4 24E 05

1 2

CF
1E6
1E6

IR hlld

100
100

"Rd i ,
50
50

EF
350
350

EDchiid
6
6

EDdii
3
3

BWehl,d
15
15

BWad „

70
70

AT
2190
2190

AT

25550
25550

RfDral

NTV
20E05

Hazard
SF ral index

1 5E+05 NA
1 OE+00 3 8E 1

Total 3 8E 1

Cancer
Risk

37E 6
69E7
4 4 E 6

Building 2 Risks xls Resident oral CTE 8/20/2003 2 15PM



Attachment A-2-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

4 Building 2 Area
St Louis ArmyAmmunition Plant (SLAAP)

St Louis, Missouri

__

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

Current Trespasser/Site Visitor _
Dermal

1 Ingestion
Total

Hypothetical Future Resident
Dermal
Ingestion
Total

Hazard
CTE

00053
00094
0015

00049
0029
0034

000016
0 00070
0 00086

0031
038
041

Index
RME

0094
0075
017

015
016
031

0011
00077
0018

085
21
30

Cancer
CTE

1 5E9
89E9
1 OE8

1 5E8
26E7
28E7

87E 10
1 1E8
1 2E8

-

1 3E7
44E6
45E6

Risk
RME

60E8
1 2E7
1 8E7

29E6
61E6
90E6

25E7
35E7
60E7

97E6
27E5
37E5

Building 2 Risks xls Risk Summary 8/20/2003 219PM



Attachment A-2-19
Excavation Worker Building 2

Central Tendency Exposure to Lead
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R vl w \V kgroup f L d Adult Le d C mmlltee

V slo d te 05/19/03
l l 1 I 1 1 'it , ' .u,1ii ,1 f * 1 1 «

1 I 1 I 1 1 - I I I11 !h , !|i I I ^ M I I
1

" 1

!|BjdMBJBBHM[|BttjbBjMjJJBMMMHMMMBB|j|MMMBUBjBMMM[BMMB

jpKimHtoid
PbS

BKSF

GSD,
PbB0

IR
IRs+o
ws
KSD

AFSD

EFS.D
ATS.D

T ^p&B*LV
^£PbBr'iJ<o.95r '

_*
!^Brui|fbB.)J

X
X
X

X
X
X

X
X

X

f< .

, S^ll •• ' iTte;rtttTto^f.i'iT*i-7rreiTm'«-rtm"nt5 !!! ffin-ms lli-fi0ra«T!?im.!rs0Wrfnfl ill ffl3iHBiTtoMi ll fffirn\»miil
X
X
X

X
X

X
X

X
X
X
X

S illlead ce tr u
F tal/m tcmal PbB rau
B lu u 51 pe F cto

Geom In tandard d vl u PbB
Basel PbB
S il gesu rate ( 1 d g Id ed ind d t)
T tal gesu rate f tdoo land doo dus
W gnu g fact fracu f IR D ingested as tdoo so 1
Mas fraction f U dust
Absorpu fracu (sam f so 1 and dust)
Exp re fteq en y ( am f 1 and dust)
A raging um ( am f s 1 and dust)

^~^ff '"JpbB*X. d It w rk geoci til me n
^- "*. X WJ| *1fe ^

95mTperc* til PbB an ng f tuscs f duit workers

i *- ! -ftj^PbBU el fco cem (tg 10 g/dL)

PrJb^lU^th t fetaJjPbB PbB assuming 1 gn rmal dJstrib d

g/g ppm

g/dLpe
g/d y
_

g/dL
g/d y

g/dy
_

dys/y
d ys/yr

g/dL

g/dL

g/dL

%

350
09
04

2 18
153

0100

_
012
30
365

IS
50

100
067

350
09
04

2 18
153

0 100
_

012
30
365

1.5

50

100
067

350
09
04

218
153

0100
10
07
012
30
365

1.5

50

100

067

350
09
04

2 18
153

0100
10
07
012
30
365

IS
50

100

067
Eq u 1 docs t pp ru expo re be wee 1 and dust gesu (ex 1 des W KSD)

Wh IR IRj. and W 1 0 th eq u y Id h am PbB,^

EquaU 1 based Eq 1 2 I USEPA (1996)

PbB
PbB „

Eq U 2

PbB
PbB M

ul =

. 5 =

11 m t

Kfal =

. 3 =

(PbS BKSF IRs.D AF EFj/AT ) PbB
PbB.j „ (GSD, " R)

ppro h b sed Eq 1 2 and A 19 1 USEPA (199fi)
PbS BKSF*([(IRj.D) AF, EF W ]+[K D dRs.D) (1 Ws) AFD EF ])/365+PbB

PbB,^, (GSD, •" R)

S urn US EPA (1996) Recomm d tt m rth Technical R vl w W kg pf Lead
f I tcrim App ch I Assess! g Risks Assod ted with Ad It Exposures to Lead I S II Pn d 03*15/2004 4-01 PM



Attachment A 2 20
Excavation Worker Building 2

Reasonable Maximum Exposure to Lead
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U.S EPA Technical R I w W kgroup f Lead Adult Lead Commit!

Versl date 05/19/03

l^^^Bi^^^^^^^BM^^^Olt^BBJHfcB^^^Bt^^KMB^^Mi^BB^Hi^^B3Bfl^BB^^^^^BBMa^»S^^^^m^HH^^^^^Bi^^BMfti . m ,m> m •• • .••. ..mu . -i... ..M.P.I ...mi _rm. ..mi n, . i . . . .n i--— •-•j"—-

iKSISf V
PbS

*^ Ul/nuiem&l

BKSF

GSD,
PbB0

IRs
IRSD

W
KSD

AFS.D
EFS.D
ATS.D

ÎbBSii,

^ CbVSw "
f *PbB
P(PbB, w > PbB,)

LauEfiMJFFnr^n
X
X

1 X

X

X
X

X

X
X

X
X
X

i

X

X

X

X
X

X

X
X

, • "••. Y "•••;.•..'" ':'••:' ; • ' • ' . ' . -.' .^ ^r-l
''•""' ': I'Titcj^i^^ifemiTC^^^
S ill d ce tia
Fetal/m temal PbB rau
B la u SI peFaci 1

G m in tandardd u PbB
Bas 1 PbB
S J mgesu rate (in 1 d g il den d d d i)
T ud gesu rale f tdoo so 1 and do d t
W ghti g fac fra u f IRS.D gesied as id 1
Mas fra u f so 1 dus
Absorp f acu (sam f 1 and dus )
Eip re freq y ( am f 1 and d 0
A raging urn ( am f 1 and dust)

PbB f adult w rk geom tri mean

-. 95th p* ce Ul PbB am g f uses r d It work rs

Targ IPbBle el fconcem(e.g 10 g/dL)

Prob blUtyth tf talPbB>PbB assuml gl gn rmaldbtrlb fl

flKHmUiln
g/g ppra

g/dLp
g / d y

g/dL

g/d y
g/d y

d ys/yr
d ys/yr

g/dL

g/dL

g/dL

1

e5sHt&;flSffiii_ ——— _ — w — .j
350
09
04

218
1 153

0330

012
60
365

16
S3

100
07%

gCSCTlgHeiBf|g5SDilg(H?n?a
350
09
04

2 18
153

0330

012
60

365

16

53

100

077

350
09 1
04

218
153

0330
10
07
012
60
365

16

S3

100

077

nesoiwa
350
09
04 1

2 18
1 53

0330
10
07
012
60
365

16

S3

100
077

Equa 1 does I app ru
Wh m IR,. and W

p re be wee I and dust gesl ( 1 des W K )
1 0 Ih eq yield th am

Equatl n 1 based o Eq I 21 USEPA (1996)
PbB ial = (PbS BKSF IR AF „ EF /AT „) + PbB

PbB w. = PbB^ (GSD "5 R)

Equatl 2 alt mal approach b s d Eq 1 2 and A 19 In USEPA (1996)

PbB dul =
PbBte.|, 95 =

PbS BKSF»([(IRs,D) AF EF

Pb

W MKSB (IRs.t

B^,, (GSD,645

) d

R)

W AFD EFD])/365+PbB

cc OS EPA (1996) R conun d d ns rth Technical R v) w W kgr ft U d
i App ch to Assess! g Risks Assod ted with Adull Exposu «to L dl S 11 Pi û MU 5/2004 4 01 PM



Attachment A-2-21
Site Worker Building 2

Central Tendency Exposure to Lead
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
VS EPA Technical Review Wo kgro p for Lead Adult Lead Committee

V rsl d te 05/19/03

1 I
II

': 1 il If1 I If

hi
i]

l

ill i II
u i 1"1 1 i i i , ' ' !• ' ' ,s '

i
i

. . . | o r
GUsnfisra?? • iJJCEL\'' -%rj8aab-' inpi

PbS
J^

BKSF

GSD
PbB0

IRS

IRs.0
ws
KSD

AFSD

EFS.D
ATS.D

>^- *
PhB ~%°4 }

y *ffiffful,0 5tt

^ CB <
tPffbB .u^BO

X

X
X

X
X
X

X
X
X

3F~1
milrF5"'

X

X
X

X

X

X

X
X

X

X

X

^H^^roScripEonWftE^poSjSfc'anaBleBiiHH
S il lead cenirati
F tal/m temal PbB ra
B ki u SI pe Fact

G m In tandard d u PbB
Basel PbB

S il inges rale ( 1 d g Id d d d t)
T tal uigesti rate (Id U and d d t
W gnu g facto free f IR „ gesttd as Id so 1
Mass frac f so 1 dus
Absorp fracu (sam f land dust)
Exp re (req y (sam f 1 and dus )
A rag g tun ( am f 1 and dus )

PbB r adult w rk geom tri mean
! "M^p^cJdf.PbBam^J^tuSM^r dultw ken

TrafgJPbBT 1 tco cern(e.g. 10 g/dL)

Pr b^blu'trLhat f 'falj'bB > PbB ass ml g 1 g orroal dlstrlb tt

MMMH^iM

RSSSI
g/g ppm

g/dLpe
g/dy

g/dL

g/dy

g/d y

d ys/y
d ys/yr

e/dL
g/dL

g/dL

%

•BfcValue?fi
BJJEJisgi!
fcCSDtPlHoml

739
09
04

218
153

0050

012
219
365

16
53

100
07%

BNon'REideotiaKExposure'
m^^lBHtilSgtEJ
•GSBISH«t»|!i:GSDl@B"int

739
09
04

2 18
153

0050

012
219
365

16
S3

100

077

————————
739
09
04

218
153

0050
10
07
012
219
365

16
5J

100
077

5§£KfrJ3j5K

SgSDOH&E

739
09
04

2 18
153

0050
10
07
012
219
365

16
S3

100
077

EquaU 1 does I apporu expo re betwee il and diut ing ti (ex 1 d W K D)
Wh IR 1R^ and W l O t h e e q a u t u y l d l h sam

Equal! n 1 based Eq 1 21 USEPA (1996)
PbB ,,„, = (PbS BKSF IRj. AF EF /AT ) + PbB

PbB u, = PbBri, (GSD, "1 R)

EquaU 2 It t ppro ch based Eq 1,2, d A 19 I USEPA (1996)
PbS AF EF W ] 1 W ) AF0 EF ]V365+PbB

Source US EPA (1996) Rtcomm d d ra ful Technical R vl w W kg p f Le d
T an I terim Approach to Assess! g Risks Assod ted with Ad It Exposu es to Lead I S II Pruned 03/15/2004 402PM



Attachment A 2 22
Site Worker Building 2

Reasonable Maximum Exposure to Lead
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re lew W kgroup f Lead Ad It Le d C mmlUe

V rsi d t OS/19/03

ttSBHHUHi [jg£l J8||IK|i||i!B^̂
IBMKi^flPJtHfgM^BlgkquationiiJsi]^^
l l-^XiMiUW •„•• IPSP llisml . • ' , " • ^-ri)wjfl^.ftc^!ten*tTK^^%!.s v:''\!|5;: MMs.1 1 tT^Bri-frrmlJNCSSWiiSWn:]

PbS
Kfbul/nutenul

BKSF

GSD
PbB0

IR
IRj+D

ws
KSD

AFSD

EFS.D
ATS.D

t PbB^ _,

PblwAs'' ^

t * HbBr

JHBbB?-Aft&)*

|X

X
X

X
X

X

X
X
X

X
X
X

X
X

X
X
X
X
X
X

S d lead ce tr u
F tal/ro temal PbB ra
B to u SI peFact

11 1
G m tn tandardd u PbB
Bas 1 PbB '
S d gesu rate ( 1 d g Id ed i d d t)
T tal ges rate f td 1 and d dust
W gnu g facto fracu ofIRs.D gestedas tdoo s 1
Mas facu fsol d t
Absorpu f acu ( m f 1 and dust)
Expo re freq y ( am f 1 and dus )
A rag g tun ( am f 1 and dust)

1? * PbB^"f|adutt w^ k geom W me

95th p rce til PbB am ng f tuna 1 dull w rit rs

T g"(PbBI el fco rn(e.g JO g/dL)

Pr_bJ blUty tK tf taJPbB^PbB assiunl gl gn rmal dfctrlb U

g/g ppm

6/dLpe
g/dy

1
g/dL

g /dy
g/dy

d ys/y
d ys/y

g/dL

g/dL

g/dL

%

739
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1 53
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1.8
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12 18
' 1 5 3
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HHkUSipgicc
ESWEjHpml
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1 2 18|
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uuuuD^xOMI
•&SDISHKB

739
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18
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1 does t appom exp re b twee 1 and dust g u (ex 1 des W K )
IR IR^ and W 10 th eq t y Id ih am PbE^ A

Equatl n 1 has d Eq 1 2 I USEPA (1996)

PbB M =
PbBfcai, ,5 =

(PbS BKSF IR AF EF /AT ) + PbB |

PbB., , (GSD, " R) 1

EquaU 2 all ale ppr ch b sed Eq 1 2 d A 19 I USEPA (1996)
PbS BKSF'ddRj. ) AFS EF W ]+[K 0 (IR „) (1 W ) AFD EFD]V365+PbB

PbB., (GSD, R)

US EPA (1996) Recomm daU ns rth Technical R IwW fcgr pf Lead
App ach t Assessl g Rlslu Assod t d with Ad It Expos cs to Lead t S IIaĵ blnl I/15/2004 4 02PM



Attachment A 2-23
Trespasser Building 2

Central Tendency Exposure to Lead
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re lew W kgro p f U d Ad It Lead Committee

V rsi date 05/19/03

PbS S ill d ce tra gfr ppm 739 739 739 739
F lal/m temal PbB ra 09 09 09 09

BKSF B kin U SI pe Fac g/dLpe
g/d y

04 04 04 04

GSD Ge m in landard d PbB 218 218 218 218
PbB0 Bu InePbB g/dL 153 1 53 153 153

S il gesu rate (in 1 d g 1-d ed d dus ) g/d y 0050 0050
IRs T tal ingesu_ rate f tdoo U and ind dus e/dy 0050 0050
ws W ghu gfact frac fIR,. guiedas doo 1 10 10

Mass fracD f il in dust 07 07
Absorpu fracti (sam f soil and dusl) 012 012 012 012

EFS.D Exposure freq en y ( am f 1 and dus ) d ys/yr

ATS.D A eraging um (sam f 1 and dust) d ys/y 365 365 365 365
< PbB f adult w rk jeom tri mean g/dL IS IS 15 15

95th'perceJII PbB am ng f hues fdultw rk g/dL 50 50 50 50
T a r g t P b B l e l rco cern(e.g 10 g/dL) g/dL 100 100 100 100

P(PbB Pr b billtyth t r ia l PbB PbB ass ml gl gn rmal dlstrib d 06% 067 067 067
Equati 1 does t pporti exp uie betwee 1 and dust gesti ( I du W K )

Wh IR IRj. and W I 0 th eq u ns y eld ih am PbB,^

Equati 1 has d o Eq I 21 USEPA (1996)

PbB^ =
PbB .*,. 5 =

(PbS BKSF IR

PbB^

AF EF /AT ) + PbB

(GSD, " R)

EquatJ 2, U ate pp ch has d o Eq 1 2 d A 19 I USEPA (1996)

PbB
PbBfrtJ

•do] "

, 5 =

PbS BKSF*([(IRM>) AF EF, W

PbB«h

MK o (IR

„ (GSD,4145

D) d

R)

W ) AF EF ])/365

I

+PbB

S cc VS EPA (1996) Recommend ti ns fth Technical R vt w W kg pf Lead
f an I terlmApp ach to Assess! g Risks Assod ted with Ad It Exposures to Lead I S II Pn led 03/15/2004 * 02PM



Attachment A 2 24
Trespasser Building 2

Reasonable Maximum Exposure to Lead
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re I w W kg oup fo L d Adult Lead Committee

V I d te OS/19/03
L ' ','' /^l '

i i , J 1

1

^ i
H ! i

aluesifoHNoBTtgldennallExposureTSceTianoiBBi

739 739 739
F lal/m ternal PbB rau 09 09 09 09

BKSF B lu u SI pe Facto g/dLpe
g / d y

04 04 04 04

GSD G m ui tandard d PbB 2 18 2 18 2 18 218
PbB Basel PbB g/dL 1 53 1 53 1 53 153
IRS S il ges rale( 1 ding Id d d d ) 0 100 0 100

IRS T lal gesu rale f idoo I and doo d g/dy 0100 0 100
W ghu g fact fracu f IRS D ingested as tdoo so 1 10 10

Massfracu f 1 d 07 07
AFS Absorpu fracu ( m f so 1 and d sO 0 12 0 12 012 012
EFS Expo re freq ency ( am f 1 and dust) 12 12 12 12
AT, A rag g tim ( am f I and dus ) d ys/y 365 365 365 365

PbB> fad IIw k g m tri mean 1.5 15
951hp rce Jl PbB am ngf Casts ! dull w rk n B/dL 50 50 50 50

'PbB T g t PbB 1 el f co cent ( g 10 g/dL) 100 100 100 100
] P(PbBfcBj > Pr bablllty Ui t f tal PbB PbB ass ml g 1 gn rmal dlstrib d 0691 06% 067

Eq u 1 does
W h I R IRs.

pporti pos re betwee I and d t g u ( I des W K )
dW l O l h e q u y i l d t h m PbB,̂ ,

Equatl 1, b sed Eq 1 2 I USEPA (1996)
PbB dul = (PbS BKSF IRS D AFj. EF /AT ) + PbB

PbB „,, = PbB^, (GSD, M R)

Emiatlo 2 lUm t ppro ch based Eq 1 2 d A 19 I USEPA (1996)

PbB
PbB M

dnl -

5 =

PbS BKSF*([(IR ) AF EF$ W]

PbB^,

*-[K D (IRj

(GSD, "

»D)0

' R)

W ) AF EF )V365 PbB

S ur
f

US EPA (1996) Recomm d U ns fill Technical R 1 w W kg pf L d
App ach t Assess! g Risks Assod ted w th Ad It Expos es t Lead I S il Pn^^U/1'15/2004 4 02PM



Attachment A-2-25
Building 2 Area

Residential Exposure to Lead
Calculated Blood Lead and Lead Uptakes from IEUBK Model Software

St Louis Army Ammunition Plant
St Louis Missouri

Ih f̂c^ ' AflPftmywiult'- ®^:-l ^»»^K^5?^<-I^^® |̂ . ^M) II . Efex*) 11
ffiBgaaaHPBnBi

5 1
1 2
23
34
45
5 6
67

HIBBBMBBJI
0021
0034
0062
0067
0067
0093
0093

•«gjp»
2623
2736
3088
2992
2909
308
3405

m^mm
0
0
0
0
0
0
0

JE(i§Zgg)B
0379
0947
099
1 016
1 065
1 127
1 148

mfg^giyy)!
1 626
2577
259
261
1 952
1 763
1 667

mmmm
465
6294
673
6685
5993
6063
6313

M«UIM
25
27
25
24
21
19
1 8



Attachment A 3 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Building 4 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Building 4 Surface Soil

Chemical
Ars'e'nicj
Beryllium
Chromium

units

mg/kg
mg/kg

Minimum
Detect

imCTflBf? rm
0088

2

Maximum
Detect

1 4
36

Frequency of
Detection RME

10/10 088
10/10 | 27

CTE

065
21

Dermal
Absorption
(unitless)

Chronic
RfD™,

(mg/kg day)

20E-03
30E-03

(mg/kg day)'

NTV
NTV

Background

1 01
2546

Building 4 Combined Surface and Subsurface Soil (0-10 feet BGS)

Benzo(b)fluoranthene
uiDenzia'tiyanitTrac

NE Not evaluated quantitatively
NTV No toxicrty value

Build no4Risks xis Data 9/9/2003 322PM



Attachment A 3 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoral)

1 Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)

i' AD = Adherence Factor for Soil (mg/cm2) i |
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ^/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ̂  = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
088
285
015

0078
016
0045

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09

AB
0
0

013
013
013
013

SA
3300
3300
3300
3300
3300
3300

EF
60
60
60
60
60
60

ED
1
1
1
1
1
1

BW
70
70
70
70
70
70

AT
84
84
84
84
84
84

ATe

25550
25550
25550
25550
25550
25550

RfD,.,
50E03
20E02

NTV
NTV
NTV
NTV

SF0 ,

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

1 4E9
74E9
1 5E9
43E9
1 5E8

Bulldn iks xls Excavation Worker-dermal RME 8/13/2003 111 50 AM



Attachment A-3-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kgAng)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Dorai = °ral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
088
285
015
0078
016

0045

CF
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330

EF
60
60
60
60
60
60

ED
1
1
1
1
1
1

BW
70
70
70
70
70
70

AT C

84
84
84
84
84
84

AT

25550
25550
25550
25550
25550
25550

RfDora)

50E03
20E 02

NTV
NTV
NTV
NTV

SFoal

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index
59E 4
4 8 E 3

NA
NA
NA
NA

54E3

Cancer
Risk
NA
NA

1 2E9
63E9
1 3E9
36E9
1 2E8

Buildmg4Risks xls Excavation Worker-oral RME 8/13/2003 11 50AM



Attachment A-3 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

I CF = Conversion Factor (1 x 10"6 kg/mg)
I AD = Adherence Factor for Soil (mg/cm2) ,

AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT 0 = Averaging Time for Non Carcinogens (days)
R(D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
071
239
0097
0041
011
0034

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02

AB
0
0

013
013
013
013

SA
2000
2000
2000
2000
2000
2000

EF
30
30
30
30
30
30

ED
1
1
1
1
1
1

i
BW
70
70
70
70
70
70

AT

42
42
42
42
42
42

AT

25550
25550
25550
25550
25550
25550

RfDral

50E03
20E02

NTV
NTV
NTV
NTV

SFral

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard >
Index

OOE-t-0
OOE+0

NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

62E 11
26E 10
70E 11
22E 10
61E 10

Buildln iks xls Excavation Worker dermal CTE 8/13^3 11 50 AM



Attachment A-3-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
RiDora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoa))/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
071
239
0097
0041
011
0034

CF
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100

EF
30
30
30
30
30
30

ED
1
1
1
1
1
1

BW
70
70
70
70
70
70

ATnc

42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550

Rf DO al

50E03
20E02

NTV
NTV
NTV
NTV

SF0 ,
NTV
NTV

73E01
7 3E+00
73E 01
7 3E+00

Hazard
Index
1 4E4
1 2E3

NA
NA
NA
NA

Cancer
Risk
NA
NA

1 2E 10
50E 10
1 3E 10
42E 10

Total 1 4E 3 1 2E9

Building4Rlsks xls Excavation Worker oral CTE 8/13/2003 11 50AM



Attachment A-3-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
1 , i CS = Concentration of Chemical in Soil (mg/kg) '

CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
088
27

CF
1E6
1E6

AD AB
020 0
020 0

SA EF
3 300 250
3 300 250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

RfDorai

20E03
30E03

SForai
NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Buildj iisks xls Site Worker-dermal RME 8/13/2^^ 11 50 AM



Attachment A-3-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
FlfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
088
27

CF
1E6
1E6

IR
100
100

EF
250
250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

RfDoral

20E03
30E03

SFora)

NTV
NTV

Total

Hazard
Index
4 3 E 4
88E3
92E3

Cancer
Risk
NA
NA

OOE+0

Building4Risks xls Site Worker-oral RME 8/13/2003 11 50AM



Attachment A-3-8
Future Industrial/Commercial Worker

~ Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoral)

i Where HI = Hazard Index (unitless) '
CS = Concentration of Chemical in Soil (mg/kg) '

1 CF = Conversion Factor (1 x 106 kg/mg) ,
AD = Adherence Factor for Soil (mg/cm2) ,
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ = Averaging Time for Non Carcinogens (days)
FtfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)

i SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
065
21

CF
1E6
1E6

AD
003
003

AB
0
0

SA EF
2 000 250
2 000 250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDora,
20E03
30E03

SForal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Buildmg4Risks xls Site Worker dermal CTE 8/13/2003 11 50AM



Attachment A-3-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
065
21

CF
1E6
1E6

IR
50
50

EF
250
250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

20E03
30E03

SForai
NTV
NTV

Total

Hazard
Index
1 6E4
34E3
36E3

Cancer
Risk
NA
NA

OOE+0

Buildmg4Risks xls Site Worker-oral CTE 8/13/2003 1150AM



Attachment A-3-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoralj)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg) t

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
088
27

CF
1E6
1E6

AD
03
03

AB
0
0

SA EF
3300 12
3300 12

ED
30
30

BW
70
70

ATnc ATC RfDoraI

10950 25550 2 OE 03
10950 25550 3 OE 03

SForai
NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

BuildinoABjsks xls Trespasser dermal RME 8/13/2093. 111 50 AM



Attachment A-3-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
088
27

CF
1E6
1E6

IR
100
100

EF
12
12

ED
30
30

BW
70
70

ATnc ATC

10950 25550
10950 25550

RfDora(

20E03
30E03

SForal

NTV
NTV

Total

Hazard
Index
2 1E 5
42E4
44E4

Cancer
Risk
NA
NA

OOE+0

Building4Risks xls Trespasser oral RME 8/13/2003 11 50AM



Attachment A-3-1 2
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)
i

I Where HI = Hazard Index (unitless)
1 ' CS = Concentration of Chemical in Soil (mg/kg) i

CF = Conversion Factor (1 x 1 0 8 kg/mg)
1 AD = Adherence Factor for Soil (mg/cm2)

AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)

' SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
065
21

CF
1E6
1E6

AD
004
004

AB
0
0

SA EF
2000 6
2000 6

ED
9
9

BW
70
70

ATne ATC RfD^,
3285 25550 2 OE 03
3285 25550 3 OE 03

SForai
NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Building4Hisks xls Trespasser dermal CTE 8/13/2003 11 50AM'20031



Attachment A-3-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
065
21

CF
1E6
1E6

IR
50
50

EF
6
6

ED
9
9

BW
70
70

ATnc ATC

3 285 25 550
3 285 25 550

RfDoral

20E03
30E03

SForai
NTV
NTV

Total

Hazard
Index
38E 6
82E5
86E5

Cancer
Risk
NA
NA

OOE+0

Building4Risks xls Trespasser oral CTE 8/13/2003 11 50AM



Attachment A 3 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

>rai)Equation 1 HI = (CS CF AD AB SA^ EF ED^/fEW hld AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAcwid = Surface Area of Exposed Skin for a Child (cm2/day)
SAad u = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchnd = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BWcww = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
AT,,,. = Averaging Time for Non Carcinogens (days)
RiD ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ra, ((SA^ ED^ ld/BWch ld)+(SA d „ ED „ ,/BW d ,,)))/(AT ;
(cancer risk assumes child + adult exposure)

i
Where CR = Cancer Risk (unitless) '

ATC = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
088
27

CF
1E6
1E6

AD
03
03

AB
0
0

SAchiid SA d it EF ED hlld ED d n

1913 3300 350 6 24
1913 3300 350 6 24

BW hllc

15
15

, BW d l l

70
70

AT AT RfD ,
2190 25550 2 OE 03
2190 25550 3 OE 03

SF ,
NTV
NTV

Total

Hazard
Index

0
0

OOE+0

Cancer
Risk
NA
NA

OOE+0

Buildlni :s xls Resident dermal RME 13/̂ TC 11 50 AM



Attachment A 3-15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR hld EF ED^BWc™ AT RfD0 a)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchlkj = Exposure Duration for a Child (years)
ED^ it = Exposure Duration for an Adult (years)
BWchId = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xtO"6 kg/mg)
|Rchld = Soil Ingestion Rate for a Child (mg/day)
IRad |, = Soil Ingestion Rate for an Adult (mg/day)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchld EDchW/BWchId)+(IRad „ EDad ,,/BWad ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
088
27

CF
1E6
1E6

IR hiid
200
200

IR d it
100
100

EF
350
350

ED hlld

6
6

EDd l l

24
24

BW hlld

15
15

BW d l t

70
70

AT AT RfDoral

2190 25550 2 OE 03
2190 25550 3 OE 03

SFral

NTV
NTV

Total

Hazard
Index
56E 3
1 2E 1
1 2E 1

Cancer
Risk
NA
NA

OOE+0

Building4Risks xls Resident-oral RME 8/13/2003 11 50 AM



Attachment A-3 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0 05 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD &)Equation 1 HI = (CS CF AD AB SA^ EF ED^M^N** AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0 s kg/mg)

' AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SA^jd = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchio = Exposure Duration for a Child (years)
ED a i, = Exposure Duration for an Adult (years)
BW hutj = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ra, ((SA ,̂,, EDchil()/BWchld)+(SA „ „ ED d ,,/BWad ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

1 Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical CS CF AO AB SA, SA, EF EDh,,d ED BW hlld BW d It

Hazard Cancer
AT AT RfD , SF , index Risk

Beryllium
Chromium

065
21

1E6
1E6

004
004

0
0

1 440
1 440

2000
2000

350
350

6
6

3
3

15
15

70
70

2190 25550
2190 25550

20E03
30E03

NTV
NTV

OOE+0
OOE+0

NA
NA

Total 0 OE+0 0 OE+0

in^ r̂ts xls Resident dermal CTE 8/13/2003 11 50 AM



Attachment A 3 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 4 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR « EF ED^)/(BWcM AT c RfD J
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDChiid = Exposure Duration for a Child (years)
EDaduit = Exposure Duration for an Adult (years)
BWch ,0 = Body Weight for a Child (kg)
BW M = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchw = Soil Ingestion Rate for a Child (mg/day)
IRaduii = Soil Ingestion Rate for an Adult (mg/day)
R(Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchld EDchld/BW
(cancer risk assumes child + adult exposure)

EDadul/BWad ,,)))/(AT

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Beryllium
Chromium

CS
065
21

CF
1E6
1E6

IRchlld

100
100

IR d It

50
50

EF
350
350

ED,,,,
6
6

EDad „
3
3

BWhlld BW d l t

15 70
15 70

AT
2190
2190

AT

25550
25550

RfDral

20E03
30E03

SFral

NTV
NTV

Total

Hazard
Index
21E3
4 5 E 2
47E2

Cancer
Risk
NA
NA

OOE+0

Bu lding4Risks xls Resident oral CTE 8/13/2003 11 50AM



Attachment A-3-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Building 4 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

Current Trespasser/Site Visitor
1 Dermal

Ingestion
Total

Hypothetical Future Resident
Dermal
Ingestion
Total

Hazard
CTE

0
00014
00014

0
00036
00036

0
0 000086
0 000086

0
0047
0047

Index
RME

0
00054
00054

0
00092
00092

0
0 00044
0 00044

0
012
012

Cancer
CTE

61E 10
1 2E9
1 8E9

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

Risk
RME

1 5E8
1 2E8
27E8

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

Building4Risks xls Risk Summary 8/13/2003 1150AM



Attachment A 4-1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Building 5 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Building 5 Surface Soil

Chemical units

Dermal
Absorption
(unitless)

Chronic
RfDo™,

(mg/kg-day) (mg/kg day)1 Background
44 DDE
44 DOT

Chromium
Lead
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

50E04
50E-04

30E03
NE

MTV
NTV
NTV
NTV
NTV
NTV

34E-01
34E-01

NTV
NE

73E-01
73E+00
73E-01
73E-02
73E+00
73E-01

2546
363
089
074
063
046
03
041

Building 5 Combined Surface and Subsurface Soil (0-10 feet BGS)

Chemical
44 DDE
44 DOT

B&î Hiumî BHHHBH9
Chromium
Lead
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cdjpyrene

units
mg/kg
mg/kg

HffiffiKgH
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Minimum
Detect
00006
00009

- -TJJ8 -•
^SigSft

14
57

0002
0002
0003
0002
0002
0001

Maximum
Detect

65
1100
,as

L^®er-.'
151
1790
25
19
16
19
7 1
11

Frequency of
Detection

22/32
29/32

<--.£@»Bv.
s. .'-g3s$r .

32/32
32/32
21/32
21/32
21/32
22/32
12/32
22/32

RME
55
928

,.-.<242§.::

345
173
22
1 64
1 44
1 67
062

1

CTE
2 1
345

. «aaa-
,̂ a@:-

279
794
087
064
06
067
025
042

Dermal
Absorption
(unitless)

003
003

•' MS"1

-;;;:®k>;<
0
0

013
013
0 13
0 13
013
0 13

Chronic
RfD™,

(mg/kg-day)
50E 04
50E-04

Hifll
20E-02

NE
NTV
NTV
NTV
NTV
NTV
NTV

(mg/kg-day) '
34E-01
34E01

r>-:m:i':v--«g^:.
NTV
NE

73E-01
73E+00
73E01
73E02
73E+00
73E-01

Background

. . 3©^ -1^: :IUDO .>
2546
363
089
074
063
046
03
041

WBreseotlatibackgroundile
Lead has no RfD or SF and is evaluated separately

NE Not evaluated quantitatively
NTV No toxicity value

Bu Id ng 5 Risks xls Data 9/9/2003 3-23 PM



Attachment A-4 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD „)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day) ,

' EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,*, = Averaging Time for Non Carcinogens (days)
R|Do™i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF^BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SForej = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
55
928
345
22
1 64
1 44
1 67
062

1

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09
09
09
09

AB
003
003

0
013
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF
60
60
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70
70
70

AT

84
84
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD |
50E04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E01
34E01

NTV
73E01
73E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
1 OE2
17E1
OOE-fO

NA
NA
NA
NA
NA
NA

1 8E 1

Cancer
Risk

56E9
94E8

NA
2 1 E 8
1 6E7
14E8
1 6E9
59E8
95E9
36E7

Building ̂ jsks xls Excavation Worker dermal RME 8/12/2003 238PM



Attachment A-4 3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATTC RfD J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
55
928
345
22
1 64
1 44
167
062

1

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330
330
330

EF
60
60
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70
70
70

AT
84
84
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
37E2
62E1
58E3

NA
NA
NA
NA
NA
NA

67E 1

Cancer
Risk

21E8
35E7

NA
1 8E8
1 3E7
1 2E8
1 3E9
50E8
81E9
59E7

Building 5 Risks xls Excavation Worker oral RME 8/12/2003 2 38 PM



Attachment A 4 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0"TO Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD^)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

' AB = Absorbed Fraction (unitless) ' f

SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiD a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFOTa,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF j, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3 cd)pyrene

CS
21
345
279
087
064
06
067
025
042

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02
02
02
02

AB
003
003

0
013
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF E
30
30
30
30
30
30
30
30
30

D BW
1 70

70
70
70
70
70
70
70
70

AT
42
42
42
42
42
42
42
42
42

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SFra,

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
51E4
84E3
OOE+0

NA
NA
NA
NA
NA
NA

90E3

Cancer
Risk

1 4E 10
24E9

NA
55E 10
41E9
38E 10
43E 11
16E9

27E 10
94E9

BuikJingĵ jsks xls Excavation Worker dermal CTE 8/12/2003 2 38 PM



Attachment A-4 5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoaJ)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF a,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
21

345
279
087
064
06
067
025
042

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100

EF ED
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1

BW
70
70
70
70
70
70
70
70
70

AT e

42
42
42
42
42
42
42
42
42

ATe

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfDoral

50E 04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SFoal

34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
43E 3
70E2
1 4E3

NA
NA
NA
NA
NA
NA

76E2

Cancer
Risk

1 2E 9
20E8

NA
1 1E9
78E9
73E 10
82E 11
31E9

51E10
34E8

Building 5 Risks xls Excavation Worker-oral CTE 8/12/2003 2 38 PM



Attachment A 4 6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD „,)

Where HI = Hazard Index (unltless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) I
AD = Adherence Factor for Soil (mg/cm2)

' AB = Absorbed Fraction (unitless)
1 i SA = Surface Area of Exposed Skin (cm2/day)

1 EF = Exposure Frequency (days/year) '
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R|Do,ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF J/fBW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
11 2
189
447
43
33
28
33
1 24
037

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020
020
020
020
020

AB
003
003

0
013
013
013
013
013
0 13

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF
250
250
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70
70
70

1

AT AT
9125 25550
9125 25550
9125 25550
9 125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
4 3 E 3
73E2
OOE+0

NA
NA
NA
NA
NA
NA

78E2

Cancer
Risk

26E7
4 4 E 6

NA
94E7
72E6
6 1E 7
72E8
27E6
81E8
1 6E5

Buildingg t̂oks:s xls Site Worker dermal RME 8/1^200313 2 38 PM



Attachment A 4 7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 8 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D raj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF J/fBW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ,3, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
11 2
189
447
43
33
28
33
124
037

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100

EF
250
250
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70
70
70

AT AT
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFrel

34E 01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
22E 2
37E 1
1 5E2

NA
NA
NA
NA
NA
NA

41E 1

Cancer
Risk

1 3E 6
22E5

NA
1 1E6
84E6
71E7
84E8
32E6
94E8
37E5

Building 5 Risks xls Site Worker oral RME 8/12/2003 238PM



Attachment A 4 8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
~ COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT,*. RfDw ,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10s kg/mg)

I AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)

i EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF^ai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno{1 2 3 cd)pyrene

CS
41
69

306
1 6
1 2
1 1
1 2

047
018

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003
003
003
003
003

AB
003
003

0
013
013
0 13
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70
70
70

AT

1825
1825
1 825
1 825
1 825
1 825
1 825
1825
1 825

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfDora,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFral

34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
73E-fOO
73E01

Total

Hazard
Index
1 4E4
24E3
OOE+0

NA
NA
NA
NA
NA
NA

26E3

Cancer
Risk

1 8E9
' 30E8

NA
64E9
48E8
44E9
48E 10
1 9E8

72E 10
1 1E7

Buildin f̂ckiks xls Site Worker dermal CTE 8/12/2003 238PM



Attachment A 4 9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D ,ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ra,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ,.,) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
4 1
69

306
1 6
12
1 1
1 2

047
018

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50
50
50

EF
250
250
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70
70
70

AT AT
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550

RfD ,
50E 04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
40E 3
68E2
50E3

NA
NA
NA
NA
NA
NA

77E2

Cancer
Risk

49E 8
82E7

NA
41E8
31E7
28E8
31E9
1 2E7
46E9
1 4E6

Building 5 Risks xls Site Worker oral CTE 8/12/2003 238 PM



Attachment A 4 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATW RfD „,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

1 AB = Absorbed Fraction (unitless) i
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ,)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
11 2
189
447
43
33
28
33
1 24
037

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03
03
03

AB
003
003

0
013
013
013
0 13
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF
12
12'
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70
70
70

AT AT

10950 25550
10950 25550
10 950 25 550
10950 25550
10950 25550
10950 25550
10950 25550
10 950 25 550
10950 25550

RfDral

50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFral

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
31E 4
53E3
OOE+0

NA
NA
NA
NA
NA
NA

56E3

Cancer
Risk

23E8
38E7

NA
81E8
62E7
53E8
62E9
23E7
70E9
14E6

Build n^^fcks xls Trespasser dermal RME 8/12/2003 2 38 PM



Attachment A 4-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R|D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF rai)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ra! = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
112
189
447
43
33
28
33
1 24
037

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100

EF
12
12
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70
70
70

AT AT
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfDral

50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFral

34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
1 1E3
1 8E2
70E4

NA
NA
NA
NA
NA
NA

20E2

Cancer
Risk

77E8
1 3E6

NA
63E8
4 8 E 7
4 1 E 8
48E9
1 8E7
54E9
22E6

Bu Idlng 5 Risks xls Trespasser oral RME 8/12/2003 2 38 PM



Attachment A 4 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
C~OPC~s 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfDwoJ)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)

i AD = Adherence Factor for Soil (mg/cm2)
i AB = Absorbed Fraction (unitless) / i

I SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATn,. = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFOTE|)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF 3, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS ,
41
69

306
16
1 2
1 1
1 2

047
018

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004
004
004

AB
003
003

0
013
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
6
6
6
6
6
6
6
6
6

ED
9
9
I9

9
9
9
9
9
9

BW
70
70
70
70
70
70
70
70
70

AT

3285
3285
3285
3285
3285
3285
3285
3285
3285

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
46E6
78E5
OOE+0

NA
NA
NA
NA
NA
NA

82E5

Cancer
Risk

10E10
1 7E9

NA
37E 10
28E9
25E 10
28E 11
1 1E9

41E 11
63E9

BuildingJî cs xls Trespasser dermal CTE 8/12/2003 238PM



Attachment A 4 13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATne = Averaging Time for Non Carcinogens (days)
R|D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ̂ /(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ,3, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
41
69

306
16
12
1 1
1 2

047
018

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50
50
50

EF
6
6
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70
70
70

AT AT
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3 285 25 550
3285 25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFrel

34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
96E5
1 6E3
1 2E4

NA
NA
NA
NA
NA
NA

1 8E3

Cancer
Risk

21E9
35E8

NA
1 8E9
1 3E8
1 2E9

1 3E10
52E9

20E 10
59E8

Building 5 Risks xls Trespasser oral CTE 8/12/2003 2 38 PM



Attachment A 4 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
-COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

K RfD „,)Equation 1 HI = (CS CF AD AB SAchld EF
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10* kg/mg)
AD = Adherence Factor for Soil (rug/cm")
AB = Absorbed Fraction (unitless)

j = Surface Area of Exposed Skin for a Child (cm2/day)
Surface Area of Exposed Skinifor an Adult (cm2/day)

EF = Exposure Frequency (days/year) '
ED M = Exposure Duration for a Child (years)
ED d « = Exposure Duration for an Adult (years)
BW id = Body Weight for a Child (kg)
BWad = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R D „! = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ra ((SA; ED «/BW w )+(SA»d

(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

ED /BW „ )))/(AT )

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anlhracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 23cd)pyrene

CS
112
189
447
43
33
28
33
1 24
037

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03
03
03

AB
003
003

0
013
013
013
013
013
013

SAcwid
1913
1913
1 913
1913
1913
1913
1 913
1 913
1 913

SA.dlt

3300
3300
3300
3300
3300
3300
3300
3300
3300

EF EDhld

350
350
350
350
350
350
350
350
350

6
6
6
6
6
6
6
6
6

EDd l

24
24
24
24
24
24
24
24
24

BWhld

15
15
15
15
15
15
15
15
15

BW d ,
70
70
70
70
70
70
70
70
70

ATM

2190
2190
2190
2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

R'D,,,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
25E2
42E 1
OOE+0

NA
NA
NA
NA
NA
NA

44E 1

Cancer
Risk

89E7
1 5E5

NA
32E6
24E5
21E6
24E7
92E6
27E 7
55E5

B Idi g)̂ gu I R s d I dermal RME #12/2003 238PM



Attachment A 4 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR ,̂, EF ED hM)/(BW had AT,* RfD „)
(hazard estimate assumes child only exposure)

Where HI - Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDdM = Exposure Duration for a Child (years)
EDW |, = Exposure Duration for an Adult (years)
BW had = Body Weight for a Child (kg)
BWM |, = Body Weight for an Adult (kg)
ATK = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x10"* kg/mg)
IR hu = Soil Ingestion Rate for a Child (mg/day)
IR,d = Soil Ingestion Rate for an Adult (mg/day)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF , ((IR^w ED hJd/BW ,d)+(IR „ , ED d /BW d ,)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3-cd)pyrene

CS
11 2
189
447
43
33
28
33
1 24
037

CF
1E 6
1E6
1E-6
1E6
1E-6
1E6
1E-6
1E6
1E6

If hlU

200
200
200
200
200
200
200
200
200

IR-.
100
100
100
100
100
100
100
100
100

EF
350
350
350
350
350
350
350
350
350

ED M

6
6
6
6
6
6
6
6
6

ED d ,
24
24
24
24
24
24
24
24
24

BWhlld

15
15
15
15
15
15
15
15
15

BW ,

70
70
70
70
70
70
70
70
70

AT
2 190
2190
2190
2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD,.,

50E 04
50E-04
30E-03

NTV
NTV
NTV
NTV
NTV
NTV

SFM|

34E 01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
2 9E 1
48E+0
1 9E 1

NA
NA
NA
NA
NA
NA

53E+0

Cancer
Risk

6 OE-6
1 OE4

NA
49E6
38E5
32E6
38E7
1 4E5
42E7
1 7E4

Buldi a 5 Risks ids Resident-oral RME 8/12/2003 238PM



Attachment A 4 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
~ COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA» EF ED ^/(BW M AT™, RfD „)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
ABi= Absorbed Fraction (unitless)

i = Surface Area of Exposed Skin for a Child (cm2/day)
j „ = Surface Area of Exposed Skin for an Adult (cm2/day)

EF = Exposure Frequency (days/year) { \
EDoNu = Exposure Duration for a Child (years)
EDoj n = Exposure Duration for an Adult (years)
BW wu, = Body Weight for a Child (kg)
BW d = Body Weight for an Adult (kg)
ATno = Averaging Time for Non Carcinogens (days)
R D „ = Oral Reference Dose (mg/kg/day)

ED d ,/BW )))/(AT )Equation 2 CR = (CS CF AD AB EF SF ((SA^ ED Wd/BW w )+(SA.
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF „] = Oral Cancer Slope Factor (mg/kg/day)

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
41
69

306
1 6
1 2
1 1
1 2

047
018

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004
004
004

AB
003
003

0
013
013
013
013
013
013

I
SAc a

1440
1 440
1 440
1 440
1 440
1 440
1 440
1 440
1440

SA.dut

2000
2000
2000
2000
2000
2000
2000
2000
2000

EF 1
350
350
350
350
350
350
350
350
350

=DMU
6
6
6
6
6
6
6
6
6

ED d ,

3
3
3
3
3
3
3
3
3

I
BW u

15
15
15
15
15
15
15
15
15

BWd

70
70
70
70
70
70
70
70
70

AT™. AT

2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2 190 25550
2 190 25 550
2190 25550
2 190 25550

RID™,
50E 04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

I

34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
9 1E 4
1 5E2
OOE+0

NA
NA
NA
NA
NA
NA

1 6E2

Cancer
Risk

1 5E 8
26E7

NA
55E8
4 1 E 7
38E8
41E9
1 6E7
62E9
95E7

B Id } xta R s d t-d rmal CTE 8/122003 2 38 PM



Attachment A 4 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 5 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR hld EF ED hld)/(BW „,„ AT^ RfD „,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hid = Exposure Duration (or a Child (years)
ED d i = Exposure Duration for an Adult (years)
BW hM = Body Weight for a Child (kg)
BW „ | = Body Weight for an Adult (kg)
A^ = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO'* kg/mg)
IRc w = Soil Ingestion Rate for a Child (mg/day)
IR d n = Soil Ingestion Rate for an Adult (mg/day)
RiD „ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „, ((IR hlld ED hid/BWchid)+(IR d , ED „ ,,/BW d »)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „! = Oral Cancer Slope Factor (mg/kg/day)

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dlbenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
4 1
69

306
1 6
1 2
1 1
1 2

047
018

CF
1E-6
1E6
1E-6
1E6
1E-6
1E6
1E-6
1E6
1E6

IR hlld

100
100
100
100
100
100
100
100
100

IB,.
50
50
50
50
50
50
50
50
50

EF
350
350
350
350
350
350
350
350
350

EDhiw
6
6
6
6
6
6
6
6
6

ED ,
3
3
3
3
3
3
3
3
3

BWhlld

15
15
15
15
15
15
15
15
15

B W d ,

70
70
70
70
70
70
70
70
70

AT
2 190
2190
2190
2190
2 190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E 04
50E04
30E-03

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
34E 01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E-01

Total

Hazard
Index
52E 2
88E 1
65E 2

NA
NA
NA
NA
NA
NA

1 OE+0

Cancer
Risk

80E 7
1 4E 5

NA
67E7
5 1 E 6
46E 7
51E8
20E6
76E8
23E5

B Id! g 5 Risks ids Resld 1-oraJCTE 8/12/2003 238PM



Attachment A-4-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Building 5 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

- Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

i

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

00090
0076
0085

00026
0077
0079

018
067
085

0078
041
048

94E9
34E8
44E8

1 1E7
1 4E6
1 5E6

36E7
59E7
95E7

1 6E5
37E5
54E5

Current Trespasser/Site Visitor

t

Hypothetical Future Resident

i

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0 000082
00018
00019

0016
1 0
1 0

00056
0020
0025

044
53
58

63E9
59E8
66E8

9 5 E 7
23E5
24E5

1 4E6
22E6
36E6

55E5
1 7E4
22E4

Building 5 Risks xls Risk Summary 8/12/2003 238PM



Attachment A-4 19
Excavation Worker Building 5

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w W kgro p f L d Ad It Lead C mmltte

V rsl d te 05/19/03

1 , '11 ' ... '' 'i i V ! "ii , , hl'V '' (
h i| iii i i'i '

i, i
A

! '
i i1 ,

; {SsrarSEc©11

•Bataflablgl^H

Rfeultau^u
BKSF

GSD
PbB0

IRs
IRs+D
ws
KSD

AF. D

EFS,D
ATS.D

irbBl& "
\_ IsPbB, „,,'"-

PbB f

,P(PbB *>PtbB,)

H8li[>BjM[̂ BMHBBHBBBiBB^^MM|̂ B|Î HB^^B||ĵ ^^^^B|)BHtMSuc3if̂ Noii'R&h3"
BBS !!i!î l̂̂ ^̂ ^̂ ^̂ ^B^BH!»BBl •^^ilqraoBfflB•k

X

X
X

X

X
X

X

X

X

12̂ 1
X

X
X

X

X

X

X

X

X

X

X

^^^•DSCTiptionTofmJpSstrrcKBnaKlTHMB
Soil lead centrau
Fetal/m temal PbB rail
B lu u SI peFact

Geom tn undard d lau PbB
BaseU PbB
S il ingesti rate ( I dl g il d ed indoo dust)
T lal ingesti rate f td il and uid dust
W gluing fact fracu flR^. gestedas td soil
Mass fracu f so 1 dust
Absorpu fracti (same f soil and dus )
Exp re fieq en y ( am f il and dus )
A eraging um ( aro f 1 and dust)

£•''']•- iPbB fad II w k geom tri mean

9jth,perct tU^PbBam njf fuses I dull workers

Targ t PbB le el rconcera (e.g 10 g/dL)

Pr bJilUtyth tr ial PbB PbB assuml gl gn rmaldlstrlb U

•UmElii
gig ppm

_
g/dLpe

S/d y

g/dL
g/d y

g /dy

d ys/yr

d ys/yr

g/dL

g/dL

g/dL

%

tGSPinH'ml
794
09
04

2 18
153

0 100

012
30

365

16
51

100

067

BcSPiglHeiM

794
09
04

218
153

0100

012
30
365

16
51

too
06%

•Klip
gcsoiEiH"ai

794
09
04

2 18
1 53
_

0100
10
07
0 12
30
365

16
51

100
067

SSnarioMB
SatjongHi
aesBintsa

794
09
04

2 18
153

0100
10
07
012
30

365

16
51

100

067
Eq ti 1 d es

Wh IR IR
i pp r t i pos re betwee 1 and dt gu ( e x l d e s W K )

andW lOtheeq u y Id ih am

EquaUo 1 based Eq 1 21 USEPA (1996)

PbB dul =
PbB ^ 5 =

(PbS BKSF IR

PbB.,,,,

AF „ EFj

(GSD, "

AT D) PbB

R)

Equatl n 2 altem te approach based
PbB^^s PbS BKSF ([(I

PbB , w, 5 =

Eq 1 2, d A 19 1 USEPA (1996)
Rs. ) AF EF W ]+[K D (Kw

PbB^,, (GSD,"5

) (1 W)

R)

AFD EF ))/365+PbB

Surra US EPA (1996) R commend U ns fth Technl I R v t w W kg ft Led
f I terlmApp achloAssusl g Risks Assod ted with Ad It Expos res to L dl S II Punted 03/15/2004 4-03 PM



Attachment A-4 20
Excavation Worker Building 5

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U.S EPA Technical Re lew W kg p for Lead Adult Lead Committee

V I d t 05/19/03

19KMffi^lPK^I^^KKSffl^i^^^^@^^i@HHJlll^^^^s^^si^^^^^^^^
^^Smmmm

PbS
*M tal/nuiem

BKSF

GSD,
PbB0

IRs
IR S D

ws
"•SD

AFS.D
EFS.D
ATS.D

' PbX/
PSB,*.,̂

^PbB *
P(PbBfcul > PbB,)

X
X
X

X
X
X

X
X
X

FPMt: ,,;.-- ^.TB*ihfriffl«^fRWn!fni^ (iSfllWftt: 111 (iWtonwiYl
X
X
X

X

X

X
X
X
X
X
X

S Ul d ira
F tal/m tcmal PbB
B ki ti Slop Fact .

G m in andard d u PbB
Basel PbB
S il gest rate ( 1 d g 1 de ved doo d t)
T ul gesu rate f tdoo 1 and d d t
W ghu g fact Tract f IRS D ges ed as td so 1
Mas fra u f so 1 dust
Ab rp fracu (sam f soil and d )
Exp re freq y ( am f il and d t)
A rag g rn ( am f 1 and dust)

PbB fad Itw k g om tri mean

*" '' 95th p ce HI PbB among f fuses f dull workers

Targ tphBI el fame rn (e-g. 10 g/dL)

Pr b blUty th I f ul PbB PbB assuml g 1 g rmnl dlstnb d

g/g ppm

g/dLpe
g/d y

g/dL
g/d y

g/d y

d ys/y
d ys/y

g/dL

g/SL

g/dL

%

794 '
09
04

I
2 18
153

0330

012
60
365

17
56

100
097

794
09
04

218
153

0330

012
60
365

17

56

100

097

794
09
04

2 18
153

0330
10
07
012
60
365

17

56

100
097

IfGSDiHHffiH
794
09
04

2 18
1 53

0330
10
07
012
60
365

17

56

100
097

Equau 1 does I pporu p re b wee 1 and d $t gesu ( t des W
Wh IR IRs. and W 1 0 the eq u ns y Id th am PbB, ±

Equatl 1 based Eq 1 21 USEPA (1996)

PbB M =
PbB „. =

(PbS BKSF IRj. AF EF /AT ) PbB

PbB,., (GSD, " R)

Eq II 2 It t ppro h based Eq 1 2 d A 1 9 l USEPA (1996)

PbB
Pbs BKSF*([(K ) AF EF W ]-t-[K (IR „) (1 W ) AFD EF JV365 PbB

PbB (GSD, R)

S ur U£EPA(199«) R comrn d d ru flh Technical R vi wW kg pf Lead
f li^^frPP ch lo Assess) g Risks Assod tedwIthAd ItEipos res to Le dl S II



Attachment A 4-21
Site Worker Buildings

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
V S EPA T clinical R vi w W kgro p f L« d Adult L d C mmltte

V rslo d te 05/19/03

[gggg [̂glgB|giyjj|̂ gjj|ĵ gBBjgga |̂gj|̂ ljg»fl̂
Hi^^^Hlwanizaail^Hi^w^^^ffi^^il&il^^VnBini^Hrusiiii^H^w*GSMraHa«

1 ' PbS
*V ul/muemal

BKSF

GSD
PbB0

IRS

IRs.
ws
Ks

AFS D

EFs.D
ATS.D

PbB £'
PbB u „,

PbB

*P(PbB u>PbBi)

X
X
X

X
X
X

X

X

X

X
X
X

X
X

X
X
X
X
X
X

S U 1 ad « trail | g/g ppm || 140 1 I 140 I
F tal/m temal PbB rail
B lu ti SI pcFact

Geom in laudart dc PbB
Basel PbB
S il ges rate ( 1 d e 1 d ved uid d )
T cal i guu rate f td 1 and d dust
W ghu g fac fra u f IRj. gestcd as id so 1
Mas frac f so 1 d
Absorpti f acu ( m f 1 and dus )
Expo re (rcq y ( am f 1 and dusi)
A rag g urn ( am f 1 and dust)

PbB fad Itw rk gram trl me

95Ui perajij PbB am ng f nucs 1 d It w rk rs

g/dLpe
g/d y

g/dL

g/dy

g/d y

d ys/y
d ys/y

09
04

2 18
153

0050

012
219
365

8/dI. 17

g/dL I 56
Tars I PbB 1 «l f«> rn (e.g. 10 g/dL) || ^^ || JQ g

1^- bJjlUtyth tfJajjPbB PbB assuml gl gn rmaldlstrib U | % | 09%

09
04

2 IS
153

0050

012
219
365

17

56

100
097

1 <83iJl«filnn-|| -fficfiliijIBn II
1401
09
04

218
1 53

0050
10
07
012
219
365

17

56

100
097

1401 1
09
04

218
153

0050
10
07
012
219
365

17

56

100

097
Eq 1 does t app IU po ore betwee U and dust gesu ( I des W K )

Wh IR =IRs. andW l O l h e q n s y l d l h a m

Equatlo 1 based Eq 1 2 I USEPA (1996)

PbB AJ =
PbB M. =

(PbS BKSF IRs, AF EFj/AT ) + PbB

PbB,, , (GSD, ** R)

Eq atlo 2 alt mate ppro ch based o Eq 1 2 d A 19 I US EPA (1996)
PbS BKSF-ddRs. ) AF EF W ]+[K (Kj, ) (1 W ) AF0 EF ])/365+PbBPbB

PbB^,B (GSDi R)

S unx U^ EPA(IWS). R commend d m fth Technical R I wW kg pi Lead
f an I teiim App ach to Asscsd g Risks Assod ted with Ad It Exposu es to Le d I S U Pnnlnl 03/15/2004 4 03PM



Attachment A-4-22
Site Worker Buildings

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R

V rsl d te OS/1 9/03

^BB^Bgggy|~|g|B^BJ|

PbS
R CUIAM

BKSF

GSD
PbB0

IRS

IRs*D

ws
KSD

AFS D
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t^njjjjjpgfoa i
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P(T>bBf u >jPbB,)

1 wV
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X
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X
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X
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f "•

V kgro p f r Lead Ad It Le d C mmltt
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B luneli SI pe Fact
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T tal ingesu rate f tdoo oil and do dust
W ghu g fac fracti f IRs.D i gested as td 1
Mas fracu fsol dust
Absorpu fra ( m f 1 and d t)
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A rag g tim ( am f 1 and d I)
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1 1 1 ,
,f i 1 [ j II 1 |

' 1 i

ggBSBi
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g/dLpe
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••x TarglPbBl Ijof co cent (e.g JO g/dL) || ^

Pr b biUty th t f tal PbBjj> PbB assuml g 1 gn raal dlstributi || %
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57

100

097
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SISPiSgtEc
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ScenarnaBa
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Eq tl 1 does t app m po re betwce so 1 and dust gesti ( 1 des W Ks )
When IR IR andW l O l h e q l i n s y l d t h m PbB^u,

Equatlo 1 based Eq 1 2 I USEPA (1996)

PbB „ =
^B t.. 95 =

Eq tlo 2 alt mat

PbB M =
PbB , u. 5 =

(PbS BKSF IR D AF EF /AT ) + PbB

PbB., „ (GSD, " R)

appro ch based Eq 1 2 d A 19 1 USEPA (1996)
PbS BKSF»([(IRs.D) AF EF W ]+(K (IR „) (1 W ) AFD EFD])/365+PbB

PbB.,,, (GSD,1-" R)

S urce VS EPA (1996) R conun d U ns fth T chnlcal R vl w W kgr pf Lead
f an I^^^App ach ( Assess! g Risks Assod ted with Ad It Exposures to Lead I S 11 irf|̂ /2004 4 03 PM



Attachment A 4-23
Trespasser Building 5

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U.S EPA Technical Re I w Wo kgro ft Le d Adult Lead Committee

V rsl date 05/19/03

KjSjBIl
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Eq u 1 does t apporu p re be wee 1 and d t g ( I d W K )

Whe IR IR andW l O l h e q t i y l d h a m PbB,̂ .

Equal! 1 has d Eq 1 2 In USEPA (1996)

I PbB „, = (PbS BKSF IR AF EF /AT ) + PbB
PbB..,. 5 = PbB*. (GSD, M R)

Equatlo 1 It mat ppro ch b sed Eq 1 2 and A 19 In USEPA (1996)

PbB
PbB «.,

oi =

5 =

PbS BKSF*([(IR ) AFS EF

Pb

W ]+[K D (m

B^,, (GSD,64

) d

R)

W ) AF EFD])/365+PbB

S a VS EPA (1996) Recomm d tt m fth TchnlcaIR vl wW kg p r Ls d
f an I terlm App ch to Assess! g Risks Assod ted with Ad It Exposure] to Lead I S II P ltd 03/15/2004 4 03PM



Attachment A-4 24
Trespasser Building 5

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Tech leal R 1 w W kg p f Le d Ad It Lead Committee

V rsl d te 05/19/03
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Attachment A-4-25
Building 5 Area

Residential Exposure to Lead
Calculated Blood Lead and Lead Uptakes from IEUBK Model Software

St Louis Army Ammunition Plant
St Louis Missouri

IBHBB51
5 1
1 2
23
34
4 5
56
67

0021
0034
0062
0067
0067
0093
0093

^_MM&L
2586
2688
3042
2953
2885
3059
3384

0
0
0
0
0
0
0

"SI
0374
093
0975
1 003
1 056
1 119
1 141

fg f̂fiP^

2921
4615
465
4695
3527
3191
302

••'«£•
5902
8268
8729
8718
7535
7462
7639

':'(te#IM
32
35
32
31
26
23
22



Attachment A 5 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Building 6 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Building 6 Surface Soil

Building 6 Combined Surface and Subsurface Soil (010 feet BGS)

hemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Dermal
Absorption
(unitless)

Chronic
RfDral

(mg/kg-day)
SF™,

(mg/kg-day)'
DPT

Beryllium
Chromium
Mercury

mg/kg
?mg/KgS
mg/kg
mg/kg
mg/kg

OOOOJT

066
16

001

21
£3
1 6
31
1 5

23/28
MM
28/28
28/28
22/28

221

1 02
245
036

093
"H

093
233
023

003

T
0
0

5 OOE-04

5 OOE-03
20E02

3 OOE-03

34E-01

NTV
NTV
NTV

1

1 01
2546
015

NE Not evaluated quantitatively
NTV No loxicity value

Build ng 6 Risks x)3 Data 9/9/2003 3 25 PM



Attachment A-5-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

! AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 aj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF0 al)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Chromium
Mercury

CS
221
1 02
245
036

CF
1E6
1E6
1E6
1E6

AD
09
09
09
09

AB
003

0
0
0

SA
3300
3300
3300
3300

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

RfDoral

50E04
50E03
20E02
30E03

Srora(

34E01
NTV
NTV
NTV

Total

Hazard
Index
40E3
OOE+0
OOE+0
OOE+0
40E3

Cancer
Risk

22E9
NA
NA
NA

22E9

Buildinotf̂ ttlks xls Excavation Worker dermal RME 8/12/2003 245PM



Attachment A-5-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoa))

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfD0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Chromium
Mercury

CS
221
1 02
245
036

CF
1E6
1E6
1E6
1E6

IR
330
330
330
330

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

AT C

84
84
84
84

ATC

25550
25550
25550
25550

RfDora,
50E04
50E03
20E02
30E03

SForai
34E01

NTV
NTV
NTV

Hazard
Index
1 5E2
69E4
41E3
40E4

Cancer
Risk

83E9
NA
NA
NA

Total 2 OE 2 8 3E 9

Building 6 Risks xls Excavation Worker-oral RME 8/12/2003 245PM



Attachment A-5-4
Future Excavation/Construction Worker

- Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) '
AD, = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Chromium
Mercury

CS
093
093
233
023

CF
1E6
1E6
1E6
1E6

AD
02
02
02
02

AB
003

0
0
0

SA
2000
2000
2000
2000

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDoa,

50E04
50E03
20E02
30E03

SForai
34E01

NTV
NTV
NTV

Total

Hazard
Index
23E4
OOE+0
OOE+0
OOE+0
23E4

Cancer
Risk

64E 11
NA
NA
NA

64E 11

Buildim ;isks xls Excavation Worker-dermal CTE 8/12/2003 245PM



Attachment A-5-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Chromium
Mercury

CS
093
093
233
023

CF
1E6
1E6
1E6
1E6

IR
100
100
100
100

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDoal

50E04
50E03
20E02
30E03

SForai
34E01

NTV
NTV
NTV

Total

Hazard
Index
1 9E3
1 9E4
1 2E3
78E5
3 4 E 3

Cancer
Risk

53E 10
NA
NA
NA

53E 10

Building 6 Risks xls Excavation Worker oral CTE 8/12/2003 245PM



Attachment A-5-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD0 a)

Where HI = Hazard Index (unitless) (
! CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) ' '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)

' SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Mercury

CS
036

1
062

CF
1E6
1E6
1E6

AD AB
020 003
020 0
020 0

SA EF
3300 250
3300 250
3300 250

ED
25
25
25

BW
70
70
70

ATnc ATC

9125 25550
9125 25550
9125 25550

RfDora,

50E04
20E03
30E04

SForal

34E01
NTV
NTV

Total

Hazard
Index
1 4E4
OOE+0
OOE+0
1 4E4

Cancer
Risk

85E9
NA
NA

8 5 E 9

Building 6 Bisks xls Site Worker-dermal RME 8/12/2003 245PM



Attachment A-5-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Mercury

CS
036

1
062

CF
1E6
1E6
1E6

IR
100
100
100

EF
250
250
250

ED
25
25
25

BW
70
70
70

ATnc ATC

9125 25550
9 125 25 550
9125 25550

RfDoral

50E04
20E03
30E04

SForal

34E 01
NTV
NTV

Total

Hazard
Index
70E4
49E4
20E3
32E3

Cancer
Risk

43E 8
NA
NA

43E8

Building 6 Risks xls Site Worker-oral RME 8/12/2003 245 PM



Attachment A-5-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATn

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"6 kg/mg)
' AD = Adherence Factor for Soil (mg/cm2)

AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skirl (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(D0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
DOT
Beryllium
Mercury

CS
018
089
038

CF
1E6
1E6
1E6

AD AB
0 03 0 03
003 0
003 0

SA EF
2000 250
2 000 250
2000 250

ED
5
5
5

BW
70
70
70

ATnc ATC

1 825 25 550
1 825 25 550
1 825 25 550

RfDoral

50E04
20E03
30E04

SForai
34E01

NTV
NTV

Total

Hazard
Index
63E6
OOE+0
OOE+0
63E6

Cancer
Risk

77E 11
NA
NA

77E 11

Bulletin*n^Osisks xls Site Worker-dermal CTE 8/12/2003 245PM2/2003



Attachment A-5-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATTO RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
DOT
Beryllium
Mercury

CS
018
089
038

CF
1E6
1E6
1E6

IR
50
50
50

EF
250
250
250

ED
5
5
5

BW
70
70
70

ATnc ATC

1 825 25 550
1 825 25 550
1 825 25 550

RfDoral

50E04
20E03
30E04

SForal

34E01
NTV
NTV

Total

Hazard
Index
1 8E4
22E4
6 2 E 4
1 OE3

Cancer
Risk

2 1E9
NA
NA

2 1 E 9

Building 6 Risks xls Site Worker oral CTE 8/12/2003 2 45 PM



Attachment A-5-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora!)

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg)

i CF = Conversion Factor (1 x 10"6 kg/mg) /
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
DOT
Beryllium
Mercury

CS
036

1
062

CF
1E6
1E6
1E6

AD
03
03
03

AB
003

0
0

SA EF
3300 12
3300 12
3300 12

ED
30
30
30

BW
70
70
70

ATnc ATC RfD0 a,
10950 25550 5 OE 04
10950 25550 2 OE 03
10950 25550 3 OE 04

SFoal

34E01
NTV
NTV

Total

Hazard
Index
1 OE5
OOE+0
OOE+0
1 OE5

Cancer
Risk

73E 10
NA
NA

73E10

Buildi lisks xls Trespasser dermal RME 8/1 '3 245PM



Attachment A-5-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Mercury

CS
036

1
062

CF
1E6
1E6
1E6

IR
100
100
100

EF
12
12
12

ED
30
30
30

BW
70
70
70

ATnc ATC

10950 25550
10950 25550
10950 25550

RfDoral

50E04
20E03
30E04

SForal

34E01
NTV
NTV

Total

Hazard
Index
34E5
23E 5
97E5
1 5E 4

Cancer
Risk

2 5 E 9
NA
NA

25E9

Building 6 Risks xls Trespasser-oral RME 8/12/2003 245PM



Attachment A-5-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)

| Where HI = Hazard Index (unitless)
! CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor,for Soil (mg/cm2) i
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoaJ)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 aj = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
DOT
Beryllium
Mercury

CS
018
089
038

CF
1E6
1E6
1E6

AD AB
0 04 0 03
004 0
004 0

SA EF
2000 6
2000 6
2000 6

ED
9
9
9

BW
70
70
70

AT c ATC

3285 25550
3285 25550
3285 25550

RfDora,
50E04
20E03
30E04

SForal

34E01
NTV
NTV

Total

Hazard
Index
20E7
OOE+0
OOE+0
20E7

Cancer
Risk

44E 12
NA
NA

44E 12

Buildm^ftsks xls Trespasser-dermal CTE 8/1 245PM



Attachment A-5-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
DOT
Beryllium
Mercury

CS
018
089
038

CF
1E6
1E6
1E6

IR
50
50
50

EF
6
6
6

ED
9
9
9

BW
70
70
70

ATnc ATC

3285 25550
3285 25550
3 285 25 550

RfDora,
50E04
20E03
30E04

SForaj

34E01
NTV
NTV

Total

Hazard
Index
42E6
52E6
1 5E5
24E5

Cancer
Risk

92E 11
NA
NA

92E 11

Building 6 Risks xls Trespasser-oral CTE 8/12/2003 2 45 PM



Attachment A-5 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs~(TO 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD „)Equation 1 HI = (CS CF AD AB SA^ EF ED hlld)/(BW hl,d AT,,
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10"* kg/mg)

i AD =|Adherence Factor for Soil (mg/cm2)
I AB = Absorbed Fraction (unitless)

SAjh id = Surface Area of Exposed Skin for a Child (cm2/day)
SA d it = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hld = Exposure Duration for a Child (years)
ED d I, = Exposure Duration for an Adult (years)
BW h |d = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF^ ((SA^ ED.WBW h«d)+(SA d „ ED „ ,,/BW d ,,)))/(AT )
(cancer risk assumes child + adult exposure)

i
Where CR = Cancer Risk (unitless)

AT = Averaging Time for Carcinogens (days)
SFW | = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
DOT
Beryllium
Mercury

CS
036

1
062

CF
1E6
1E6
1E6

AD
03
03
03

AB
003

0
0

8A-
1 913
1 913
1 913

SAad „ EF
3300 350
3300 350
3300 350

ED „„„ ED „ „
6 24
6 24
6 24

BWhlld B W d H

15 70
15 70
15 70

AT AT RfDora,
2190 25550 5 OE 04
2190 25550 2 OE 03
2190 25550 3 OE 04

Hazard
SF ai Index

3 4E 01 0 00079245
NTV 0
NTV 0

Total 7 9E 4

Cancer
Risk

29E8
NA
NA

29E8

dmoMfckiks xls Resident dermal RME 8/12/2003 245PM



Attachment A 5 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF EDc^/fEW^M AT RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDcwuj = Exposure Duration for a Child (years)
ED d „ = Exposure Duration for an Adult (years)
BWchu = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x10 6 kg/mg)
IRaiiid = Soil Ingestion Rate for a Child (mg/day)
IRad „ = Soil Ingestion Rate for an Adult (mg/day)
R(Doral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „, ((IR hlld ED^JBW hild)+(IRad „ EDad ,,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
DOT
Beryllium
Mercury

CS
036

1
062

CF
1E6
1E6
1E6

IR hlld IR d It

200 100
200 100
200 100

EF
350
350
350

ED hlld

6
6
6

EDd l t

24
24
24

BWhlld BWd l t

15 70
15 70
15 70

AT AT RfD „,
2190 25550 5 OE 04
2190 25550 2 OE 03
2190 25550 3 OE 04

SF ,
34E01

NTV
NTV

Total

Hazard
Index
92E3
64E3
26E2
42E2

Cancer
Risk

1 9E 7
NA
NA

1 9E7

Building 6 Risks xls Resident oral RME 8/13/2003 Z 45 PM



Attachment A 5 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED Md)/(BW hld AT^ RfD^)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

1 CF, = Conversion Factor (1 x lO^kg/mg) ,
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)

= Surface Area of Exposed Skin for a Child (cm2/day)
i, = Surface Area of Exposed Skin for an Adult (cm2/day)

EF = Exposure Frequency (days/year)
ED Md = Exposure Duration for a Child (years)
ED^u = Exposure Duration for an Adult (years)
BW hld = Body Weight for a Child (kg)
BW M = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiDo, i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „ ((SA ,̂,, ED h]Id/BW hlld)+(SA „„„ ED „ ,,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF j) = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
DOT
Beryllium
Mercury

CS
018
089
038

CF
1E6
1E6
1E6

AD AB
0 04 0 03
004 0
004 0

SAehnd

1 440
1 440
1 440

SAa,, i, EF ED h|,d
2000 350 6
2000 350 6
2000 350 6

EDdl l 1

3
3
3

BW hild

15
15
15

BW d l t

70
70
70

AT AT RfD ral

2190 25550 5 OE 04
2190 25550 2 OE 03
2190 25550 3 OE 04

Hazard
SF , Index

34E01 40E5
NTV 0 OE+0
NTV 0 OE+0

Total 4 OE 5

Cancer
Risk

67E 10
NA
NA

67E 10

Bu Iding Basks xls Resident dermal CTE 8/12/2003 245PM



Attachment A 5 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfDEquation 1 HI = (CS CF \RMa EF ED^BW^ AT Rf
(hazard estimate assumes child only exposure)

„,

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDch,d = Exposure Duration for a Child (years)
EDad i, = Exposure Duration for an Adult (years)
BWchu, = Body Weight for a Child (kg)
BW <j i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x1 0"8 kg/mg)
IRcwid = Soil Ingestion Rate for a Child (mg/day)
IR a it = Soil Ingestion Rate for an Adult (mg/day)
R,D „,, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „, ((IR^ EDCJlld/BWchild)+(IR „ „ ED d ,/BW d ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0rai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
DOT
Beryllium
Mercury

CS
018
089
038

CF
1E6
1E6
1E6

IR hlld

100

100
100

IR d It

50
50
50

EF
350
350
350

ED hlld

6
6
6

EDd l t

3
3
3

BW „,,„
15
15
15

BW d l t

70
70
70

AT

2190
2190
2190

AT
25550
25550
25550

R'Dra,

50E 04
20E03
30E04

SF ,
34E01

NTV
NTV

Total

Hazard
Index
23E 3
28E3
81E3
1 3E2

Cancer
Risk

35E 8
NA
NA

35E8

Building 6 Risks xls Resident oral CTE 8/12/2003 245PM



Attachment A-5-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Building 6 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

i

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial
i

Dermal
Ingestion ~~
Total

Worker
Dermal
Ingestion
Total

0 00023
00034
00036

0 0000063
00010
00010

00040
0020
0024

000014
00032
00034

64E 11
53E 10
59E 10

77E 11
21E9
22E9

22E9
83E9
1 1E8

85E9
43E8
51E8

Current Trespasser/Site Visitor

Hypothetical Future Resident

t

!

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0 00000020
0 000024
0 000025

0 000040
0013
0013

0000010
000015
000016

0 00079
0042
0043

44E 12
92E 11
97E 11

67E 10
35E8
36E8

73E 10
25E9
32E9

29E8
1 9E7
22E7

Building 6 Risks xls Risk Summary 8/12/2003 245PM



Attachment A 6 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Building 7 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Building 7 Surface Soil
Chronic
R'D™,

(mg/kg-day)

Dermal
Absorption
(unitless)

SF,.,

(mg/kg day)
Frequency of

Detection

16/16
16/16
15/16
15/16
15/16

30E-03
NE

NTV
NTV
NTV

Chromium
Lead
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)lluranthene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

NTV
NE

73E01
73E-VOO
73E01

lndeno(1 2 3-cd)pyrene

Building 7 Combined Surface and Subsurface Soil (0 10 feet BGS)

Chemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Dermal
Absorption
(unitless)

Chronic
RID«i

(mg/kg-day) (mg/kg day) Background
PC B- 1254

Beryllium
Chromium
Lead*
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

0016mss
033
16
53

0002
0002
0004

lndeno(1 2 3-cd)pyrene |[ mg/kg 0001

034

1 3
55
900
38
28
4

1 7

8/44

44/44
44/44
44/44
30/44
34/44
32/44

0 11 0096

29/44

*iS@;r< >xas:v -
071
32
80

056
035
057

066
30
47

036
021
036

Of*

"o"
0
0

013
013
013

SOE05_

50E03
20E02

NE
NTV
NTV
NTV

~27r

NTV
NTV
NE

73E-01
73E+00
73E-01

026 I 019 | 013 F NTV | 7 3E-01 |

101
2546
363
089
074
063

041

^Gr.esCTuat.DackgrounaJey.elii
Lead has no RID or SF and is evaluated separately
IRIS recommends using a slope factor of 2 0 for RME and 1 0 for CTE

NE Not evaluated quantitatively
NTV No toxictty value

Bu9di gTRisksxts Data 9/9/2003 327PM



Attachment A 6 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW RfD

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

, AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cma/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiDwal = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW AT )

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SFwai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS i
011
071
32

056
035
057
0053
026

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09
09
09

AB
0 14

0
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300

EF ED
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1

BW
70
70
70
70
70
70
70
70

ATTO

84
84
84
84
84
84
84
84

AT
25550
25 550 1
25550
25550
25550
25550
25550
25550

RfDorai

50E05
50E03
20E02

NTV
NTV
NTV
NTV
NTV

SFral

2 OE+00
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
93E3
OOE+0
OOE+0

NA
NA
NA
NA
NA

93E3

Cancer
Risk

31E9
NA
NA

53E9
33E8
54E9
50E9
25E9
5 4 E 8

Buildln^ t̂eks xls Excavation Worker dermal RME 8/2i 223PM



Attachment A 6-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD „,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 8 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
011
071
32

056
035
057
0053
026

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330
330

EF ED
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1

BW
70
70
70
70
70
70
70
70

AT e

84
84
84
84
84
84
84
84

ATe

25550
25 550 1
25550
25550
25550
25550
25550
25550

RfDral

50E05
50E03
20E02

NTV
NTV
NTV
NTV
NTV

SForal

2 OE+00
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
74E3
48E4
54E3

NA
NA
NA
NA
NA

1 3E2

Cancer
Risk

24E9
NA
NA

45E9
28E8
46E9
43E9
2 1 E 9
4 6 E 8

Building 7 Risks xls Excavation Worker oral RME 8/20/2003 2 23 PM



Attachment A 6 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)

i AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ,3, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cdjpyrene

CS
0096
066
30

036
021
036
0042
019

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02
02
02

AB
014

0
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000

EF ED
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1

BW
70
70
70
70
70
70
70
70

AT
42
42
42
42
42
42
42
42

AT
25550
25 550 |
25550
25550
25550
25550
25550
25550

RfDral
50E05
50E03
20E02

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 1E3
OOE+0
OOE+0

NA
NA
NA
NA
NA

1 1E3

Cancer
Risk

90E 11
NA
NA

23E 10
1 3E9

23E 10
27E 10
1 2E 10
23E9

Bulldln^Ajfiks xls Excavation Worker dermal CTE 8/2(V2O03 2 23 PM



Attachment A-6-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT RfDora))

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R|D0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCS 1254
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0096
066
30

036
021
036
0042
019

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100

EF ED
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1

BW
70
70
70
70
70
70
70
70

AT
42
42
42
42
42
42
42
42

AT
25550
25 550 1
25550
25550
25550
25550
25550
25550

RfD |

50E05
50E03
20E02

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
20E3
1 3E4
1 5E3

NA
NA
NA
NA
NA

36E3

Cancer
Risk

1 6E 10
NA
NA

44E 10
26E9
44E 10
51E 10
23E 10
4 4 E 9

Building 7 Risks xls Excavation Worker-oral CTE 8/20/2003 2 23 PM



Attachment A 6 6
Future Industrial/Commercial Worker

..Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD „,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

' AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
012
31 8
1 54
1 16
1 54
014
075

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020
020
020

AB
014

0
013
013
013
013
013

SA
3300
3300
3,300
3300
3300
3300
3300

EF
250
250
250
250
250
250
250

t

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT AT
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfD ra l

20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
2 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
54E3
OOE+0

NA
NA
NA
NA
NA

54E3

Cancer
Risk

77E8
NA

3 4 E 7
25E6
34E7
31E7
1 6E7
38E6

Build ng sks xls Site Worker dermal RME 223PM



Attachment A-6-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATTO RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10"* kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 | = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF^BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCS 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
012
31 8
1 54
1 16
1 54
014
075

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT AT
9125 25550
9125 25550
9125 25550
9 125 25550
9125 25550
9125 25550
9 125 25550

RfDora,

20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF0 ,
2 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
5 9 E 3
1 OE2

NA
NA
NA
NA
NA

1 6E2

Cancer
Risk

84E8
NA

39E7
30E6
39E7
36E7
1 9E7
4 4 E 6

Building 7 Risks xls Site Worker oral RME 8/20/2003 2 23 PM



Attachment A 6 8
Future Industrial/Commercial Worker

JEstimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT,* RfD ra!)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) I
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ral)/(BW AT )

Where CR = Cancer Risk (unitless)
AT0 = Averaging Time for Carcinogens (days)
SF ral = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3-cd)pyrene

CS
0089
288
084
066
087
007
044

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003
003
003

AB
014

0
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

AT
1 825
1 825
1 825
1 825
1 825
1 825
1 825

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
37E4
OOE+0

NA
NA
NA
NA
NA

37E4

Cancer
Risk

52E10
NA

33E9
26E8
35E9
28E9
1 8E9
38E8

Buildin^^skiks xls Site Worker dermal CTE 8/2i 223PM



Attachment A-6-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT RfD a)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D ,3) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ,)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF & = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenzfa h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0089
288
084
066
087
007
044

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

AT ATe

1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550

RfD ,

20E 05
30E03

NTV
NTV
NTV
NTV
NTV

SFral

1 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
22E 3
47E3

NA
NA
NA
NA
NA

69E3

Cancer
Risk

3 1E 9
NA

21E8
1 7E7
2 2 E 8
1 8E8
1 1E 8
24E7

Building 7 Risks xls Site Worker-oral CTE 8/20/2003 2 23 PM



Attachment A 6 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD ral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cmz/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT™, = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF /̂(BW AT )

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
012
31 8
154
1 16
1 54
014
075

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03

AB
014

0
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

AT AT
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfD raP

20E05
30E03

NTV
NTV
NTV
NTV
NTV

SFral

2 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
39E4
OOE+0

NA
NA
NA
NA
NA

39E4

Cancer
Risk

67E9
NA

29E8
22E7
29E8
26E8
1 4E8
32E7

Bulldinĝ l̂sks xls Trespasser dermal RME 8/20/2003 2 23 PM



Attachment A-6-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD0 ,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATe = Averaging Time for Carcinogens (25 550 days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
012
31 8
1 54
1 16
1 54
014
075

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

AT c ATC

10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfD0 ,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SFoa|

2 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
28E 4
5 0 E 4

NA
NA
NA
NA
NA

78E4

Cancer
Risk

48E 9
NA

23E 8
1 7E7
23E8
21E8
1 1E8
25E7

Building 7 Risks xls Trespasser oral RME 8/20/2003 2 23 PM



Attachment A 6 12
Current Trespasser/Site Visitor

__ .Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,*, = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ral)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0089
288
084
066
087
007
044

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004

AB
014

0
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

1
EF
6
6
6
6
6
6
6

ED
9
g
g
g
9
g
g

BW
70
70
70
70
70
70
70

AT
3285
3285
3285
3285
3285
3285
3285

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E 05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 2E 5
OOE+0

NA
NA
NA
NA
NA

1 2E5

Cancer
Risk

30E 11
NA

1 9E 10
1 5E9

20E 10
1 6E 10
1 OE 10
22E9

Buildmg^ îsl.ks xls Trespasser dermal CTE 8/20/2003 2 23 PM



Attachment A-6-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT e RfDoraJ)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT,*. = Averaging Time for Non Carcinogens (days)
R,Dora( = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF0J/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora] = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0089
288
084
066
087
007
044

CF
1E 6
1E 6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70

AT ATC

3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550

RfD al

20E 05
30E03

NTV
NTV
NTV
NTV
NTV

SFral

1 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
52E 5
1 1E4

NA
NA
NA
NA
NA

1 6E4

Cancer
Risk

1 3E 10
NA

93E 10
73E9

96E 10
77E 10
48E 10
1 1E8

Building 7 Risks xls Trespasser oral CTE 8/20/2003 223PM



Attachment A 6-14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
~ ~ — -~ —— COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED h,d)/(BW hld AT RfD ,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 * kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) I i
SAchid = Surface Area of Exposed Skin for a Child (cm2/day)
SA.,,, = Surface Area of Exposed Skin for an Adult (cm2/day) (

EF = Exposure Frequency (days/year)
ED hid = Exposure Duration for a Child (years)
ED d | = Exposure Duration for an Adult (years)
BW hu = Body Weight for a Child (kg)
BW „ | = Body Weight for an Adult (kg)
KTK = Averaging Time for Non-Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF , ((SA^ ED hM/BW hM)+(SAild, ED „ ,,/BW „ ,,)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF | = Oral Cancer Slope Factor (mg/kg/day)

Chemical
PCS 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenzfa h)anthracene
lndeno(1 2 3-cd)pyrene

CS
0 12
31 8
1 54
1 16
1 54
014
075

CF
1E6
1E6
1E6
1E6
1E-6
1E6
1E-6

AD
03
03
03
03
03
03
03

AB
014

0
013
013
013
0 13
013

SA,hlld

1 913
1 913
1 913
1 913
1 913
1 913
1 913

SA.dll|,
3300
3300
3300
3300
3300
3300
3300

EF EDhlld ED.,,,,
350
350
350
350
350
350
350

6
6
6
6
6
6
6

24
24
24
24
24
24
24

BWHM

15
15
15
15
15
15
15

BW „ „ AT
70
70
70
70
70
70
70

2190
2190
2190
2190
2 190
2 190
2190

AT

25550
25550
25550
25550
25550
25550
25550

RfD*
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SFral

2 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E-01

Total

Hazard
Index

003081764
0

NA
NA
NA
NA
NA

31E2

Cancer
Risk

2 6 E 7
NA

1 1E6
86E6
1 1E6
1 OE6
55E7
1 3E5

B Id ids Reside t-dermal RME I3 223PM



Attachment A 6 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFU,d EF ED hu,i)/(BW m AT RfDona)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED Md = Exposure Duration for a Child (years)
ED a i = Exposure Duration for an Adult (years)
BW hlM = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR^no = Soil Ingestion Rate for a Child (mg/day)
IR an = Soil Ingestion Rate for an Adult (mg/day)
R(DW i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF ^ ((IR,.hlld ED hla/BW „ a)+(IR d , ED „ ,,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFwill = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
012
31 8
154
1 16
154
014
075

CF
1E-6
1E-6
1E6
1E6
1E-6
1E-6
1E6

IR hlld

200
200
200
200
200
200
200

IRd..
100
100
100
100
100
100
100

EF
350
350
350
350
350
350
350

ED h,id
6
6
6
6
6
6
6

ED,,,
24
24
24
24
24
24
24

BWhlld

15
15
15
15
15
15
15

BWd l l

70
70
70
70
70
70
70

AT
2 190
2190
2 190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
2 OE+00

NTV
73E01
7 3E+00
73E-01
73E+00
73E01

Hazard
Index
77E 2
1 4E 1

NA
NA
NA
NA
NA

Cancer
Risk

3 8E 7
NA

1 8E6
1 3E5
1 8E6
1 6E6
86E 7

Total 21E1 20E5

Build ng 7 Risks xls Resident-oral RME 8/20/2003 2 23 PM



Attachment A 6 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD ,)Equation 1 HI = (CS CF AD AB SA^ EF ED hud)/(BW ad AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10° kg/mg)
AD = Adherence Factor (or Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAjhiu = Surface Area of Exposed Skin for a Child (cm2/day)
SA.d , = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hikj = Exposure Duration for a Child (years)
ED d | = Exposure Duration for an Adult (years)
BW hld = Body Weight for a Child (kg)
BW d |, = Body Weight for an Adult (kg)
ATW = Averaging Time for Non Carcinogens (days)
R,D „ = Oral Reference Dose (mo/kg/day)

Equation 2 CR = (CS CF AD AB EF SF , ((SA,.̂  ED „ <j/BW
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF,,̂  = Oral Cancer Slope Factor (mg/kg/day)

ED d ,/BW d J))/(AT ]

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0089
288
084
066
087
007
044

CF
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6

AD
004
004
004
004
004
004
004

AB
0 14

0
013
013
013
013
013

SA.hW

1 440
1 440
1 440
1 440
1 440
1 440
1 440

SA.dn

2000
2000
2000
2000
2000
2000
2000

EF EDhlld ED.,,,,
350
350
350
350
350
350
350

6
6
6
6
6
6
6

3
3
3
3
3
3
3

BW hlld

15
15
15
15
15
15
15

BW „ „ AT AT
70
70
70
70
70
70
70

2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550

RfD™,
20E-05
30E 03

NTV
NTV
NTV
NTV
NTV

SF,.,
1 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
23E 3
OOE+0

NA
NA
NA
NA
NA

23E3

Cancer
Risk

45E 9
NA

29E8
23E7
30E8
2 4 E 8
1 5E8
33E7

f^^feus xls Ras de t d nmal CTE 223PM



Attachment A 6 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 7 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR hld EF ED Md)/(BW „„„ ATW RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hMd = Exposure Duration for a Child (years)
ED d „ = Exposure Duration for an Adult (years)
BW hlw = Body Weight for a Child (kg)
BW OM = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non-Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchiid = Soil Ingestion Rate for a Child (trig/day)
IR a I, = Soil Ingestion Rate for an Adult (mg/day)
RiD i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF^ {(IFW, ED hild/BW hld)+(IR „ „ ED „ ,/BW „ ,J))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF rai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
PCB 1254
Chromium
Benzo(a)anth racene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anth racene
lndeno(1 2 3-cd)pyrene

CS
0089
288
084
066
087
007
044

CF
1E6
1E6
1E6
1E-6
1E-6
1E-6
1E-6

IR hlld

100

100
100
100
100
100
100

«R d l t

50
50
50
50
50
50
50

EF
350
350
350
350
350
350
350

ED h,id
6
6
6
6
6
6
6

EDd l t

3
3
3
3
3
3
3

BW hlld

15
15
15
15
15
15
15

BW d l t

70
70
70
70
70
70
70

AT
2190
2190
2190
2190
2 190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
73E01
73E+00
73E01
73E+00
73E01

Total

Hazard
Index
28E 2
6 1 E 2

NA
NA
NA
NA
NA

90E2

Cancer
Risk

5 1E 8
NA

35E7
28E6
37E7
30E 7
1 9E 7
40E6

B Id g 7 Risks Is Res de t-oral CTE 8/20/2003 2 23 PM



Attachment A-6-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Building 7 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

00011
00036
00047

0 00037
00069
00072

00093
0013
0023

00054
0016
0022

2 3 E 9
4 4 E 9
66E9

38E8
24E7
28E7

54E8
46E8
1 OE7

38E6
44E6
81E6

Current Trespasser/Site Visitor

Hypothetical Future Resident
!

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0000012
000016
000018

00023
0090
0092

0 00039
0 00078
00012

0031
021
024

22E9
1 1E8
1 3E8

33E7
40E6
4 4 E 6

32E7
25E7
58E7

1 3E5
20E5
32E5

Building 7 Risks xls Risk Summary 8/20/2003 223PM



Attachment A 6-19
Excavation Worker Building 7

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
V S EPA Technical Re I w Wo kgro p fo L d Adult Lead Committee

Vetsio d te 05/19/03
i ,

jî SaSsRB^B
pbi

BKSF

GSD
PbB0

IRS

IRS+0

ws
KSD

AFS.D
EFS,D
ATS.D

t PbBdii
PbBrott],0.9S w

;? ^JSSS
P(PbB, m > VbBf

OiilTtTTtftirf'mi:nr?p5i•-
X
X
X

X
X
X

X
X
X

X
X
X

X
X

X

X
X
X

X

X

•••̂ ••̂ •••••••••BBMil

^^™^PBSffifHBre8YB15l5BHBI
S Ulead a
Feul/m lemal PbB rail
B lun u SI pcFacl

Geom in undard d ti PbB
Basel PbB
S J gesu rate ( ncl ding Id ed uid dus )
T tal gesu rate f tdoo 1 and ind dust
W ghdngfacl fracu f t R S D guiedas id soil
Mas fra u f d dusi
Ab rpu fracu (same f 1 and d t)
Exp ure freq y ( am f 1 and dust)
A er ging urn (sam f I and dus!)

* >~u PbB f d Itw rk geom trl me

v 95th p fee dl PbB am £ f fuses f d It work rs

_. Targ IPbBl el fco ce ( g 10 g/dL)

FT b^biutyth t rial PbB > PbB assuml gl gn rmtldlstrlb ti

HHB

•n!9!lH
g/g ppm

g/dLpe
g/dy
_

g/dL
g/d y

g/d y

d ys/y
d ys/y

g/dL

g/dL

g/dL

%

MBfcialueSIf
WSJJBJ&
•.GSDinH'ml

465
09
04

2 18
153

0100

012
30
365

1.5

50

too
067

)3JJSlb"ri'KegidentianExposure:
^^^HBIBBEIlngtE!
•GSDinH'tBPlCSDieiH'pfllf===s=;=

465
09
04

2 18
153

0100

0 12
30

365

15

50

100

067

465
09
04

2 18
153

0100
10
07

012
30

365

U
50

100
0<f7

SjcfnarjolM

HcSDIJSlHMlS
465
09
04

218
1 53

0 100
10
07

012
30

365

15

50

100
067

I does 01 pp ru p me beiwee I and d I gesu ( I des W K )
Wh IR IRj. and W 1 0 th q u ns y Id in m PbB,̂ .

EquaU 1 based o 1 21 USEPA (1996)
PbB „, = (PbS BKSF IR AF EF /AT ) + PbB

PbB „, = PbB^,, (GSD, M R)

Equ 11 2 It m I approach b d Eq 1 2, and A 19 I USEPA (1996)

PbB „ =
PbBrrtrf. ,=

PbS BKSF«(((m ) AFS EF

Pto

W

BH,I

MK (KM
, (GSD,"5

>) d

R)

W ) AF EFD])/365 PbB

S urce US EPA (1996) R conun d tf nj fth T chnlcal R vl w W kg pf Lead
f on I terim App ch I Assess! g Rlski Anod ted with Ad II Exposu es to Le d I S II Pnn d 03/15/2004 4-04 PM



Attachment A 6 20
Excavation Worker Building?

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w Wo kgro p f Le d Adult Lead C mmltt

V slo d I 05/19/03 i i

lltB'fS'i'PilBP^
PbS

RfuLftmwn
BKSF

GSD
PbB0

IRs
IRso
Ws

KSD
AFSD

EFS,D
ATS.D

MMBS&
^pfiB^r

iPbB
P(PbBfBj>pBB/

X

X
X

X
X

X

X

X

X

lij|î MiHM0roi$ioWt)E35B§5!raM5F^
X
X
X 1

X
X

X
X
X
X
X
X

S il lead ce Ira
F lal/m tonal PbB rau
B ki u SI pe F 1

G m tr land d d PbB
Basel PbB
S il gest rate ( 1 d g Id ed d dust)
T Ul gesu rale r id 1 and doo d t
W ghU gfac frac f lR, gesied as [doo 1
Massf u f 1 d
Absorpu fra u (sam f so 1 and dust)
Expo re freq en y ( am f U d dust)
A raging um ( am f Id dust)

fin ./„ PbB fad Itw rk geometri mea

95th pera HI PbB am ng f tuses r dult w rtt n

T gtPbBle el too cern( g 10 g/dL)

Pr b blUtyth tf ml PvbB >PbB, assum) glogn ratal dlstrib do

g/g ppm

g/dLpe
g /dy

E/dL
g/d y
g/d y

d ys/yr
d ys/y

g/dL

g/dL

g/dL

%

465
09
04

2 18
153

0330

012
60
365

17

54

100

07%

465
09
04

2 18
153

0330

012
60
365

17
54

100

077

465
09
04

2 18
153

1

0330
1 0
07
012
60
365

17
54

100

077

465
09
04

2 18
153

0330
10
07
012
60
365

17
54

100

077
' Eq 1 does I pp m pcaurc beiwee U and dust gesu (ex 1 de W K )

Wh IR IRj. and W l O i h e q u y eld th am PbB,«j

Equation I based Eq 1 2 In USEPA (1996)
PbB „,„, = (PbS BKSF*IRj.D AF D EF /AT ) + PbB

PbBfrt>. ,= PbBrf , (GSD| " R)

Equ U 2 It rn t pproach based Eq 1 2 and A 19 I USEPA (1996)

| PbB
PbBfrt,,.

ul =

5 =

PbS BKSP([(IRs. ) AF EFS W

PbB^

MK (IR

, (GSD, "'

) d

R)

W ) AFD EF ])/365+PbB

S urce US EPA (1996) R comm d d ns fth Technical R v l w W kgr pf Lad
f Inl^bApp chtoAsstssI g Risks Assod ted with Ad ItElposu es to Lead i S II •in^^^/2004 4



Attachment A-6 21
Site Worker Building?

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re I w Wo kgro p fo L d Adult L d C mmlttee

V rslo d te 05/19/03

I1 , ' 1 h1

\\ '
' ' » 'li

I I ' 1 1
II '' ' 1

I' 1 '
1 1 |, ' I •

•••••̂ •̂•••BBlllBttiliBBflBHBi
PbS

Rfcultaa.mil
BKSF

GSD
PbB
IR

IRs*o
Ws

K D
AFS D

EFS.D
ATS.D

^ PbB*u"v

"PbB^Ms *
^ *TEb.B>

P(PljBf J|>PbB ,)

X
X
X

X
X

X

X
X

X

Baa
X

X
X

X

X

X

X
X

X

X

X

S U 1 d trau
Fetal/m ternal PbB rau
B la u SI pe Facto

Geom in undardde PbB
Basel ne PbB
S il ges rale ( 1 d g Id ed doo dus )
T Hi ges rale f id 1 and d dus
W ghu g factor fracu f IRj, gesled as Idoo so 1
Mass fracu f soil dus
Ab rpu f u ( am f 1 and dus )
Expos re fieq y (sam f 1 and d t)
A raging urn ( am f 1 and d )

y ,« PbB fad Itw rk geom tri mean

95th|p rcentU PbB am ng f tuses < dult w It rs

^"""^Targ t PbB 1 el f concern (tg. 10 g/dL)

Pr^babJUtyJha^r taJPbB PbB assuml g 1 g rmal dlstrib U

^KUnttsm
g/g ppm

g/dLp
g/dy

g/dL

g/d y
g/d y

_

d ys/y
d ys/yr

g/dL

g/dL

g/oL

%

XGSDOHonil
820
09
04

218
153

0050

012
219
365

16
S3

100
07%

Eq u 1 does I pp m p re betwee 1 and dust gesu (u 1 des W K )
Wh IR IRj. and W 1 0 in eq u us y Id ih sam PbB,«j.

H3Non*ReSlde!
uatjonEBil
•GSDinHetB

820
09
04

2 18
153

0050

012
219
365

16

S3

100

077

itialtExposure]
•HLu5i3£!E!
iGSDinBTBB

820
09
04

2 18
1 53

0050
10
07
012
219
365

16
53

100

077

KGSDIGHttB

820
09
04

218
153

0050
10
07

012
219
365

16
S3

100
077

Equatl 1 based Eq I 21

PbB „, =
PbB frt.,. =

USEPA (1996)
(PbS BKSF IRfc

PbB.*,,

AF EFj/AT ) + PbB |

(GSD, " R) |

Eq tl o2, It te

PbB M =
PbB „,. 3 =

ppro ch based o Eq 1, 2 and A 19 In USEPA (1996)
PbS BKSF*([(IRj. ) AF EFS W ]+(K (IRs. ) (I W )

PbB^n (GSD,"4' R)

AFD EF ]V365+PbB

S urce U^ EPA (1996) R commend d m fth Technical R vl wW kgr ft Le d
f an I terim Approach to Assessing Rlslu Aisod ted with Ad It Exposures to Lead I S II Pr ted 03/15/2004 4-04 PM



Attachment A 6 22
Site Worker Building?

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Tech leal R 1 w W kg p f L d Ad It Lead C mmltte

Ve lond te 05/19/03

iiaiiiiaBiiH
' , „ ' X ' ' ! ,I I ] I '

HaKffia^lilB»VjU5S'f6KNS'n-RHldeTtlal!E-iF5^fe'Scenirior«JK
iBaHJIIJiV^iaigllH lEtiuSB^
lff»M5?lejBS|»lsJ

PbS
Rfcultauenul

BKSF

GSD
PbB0

IRs
IRs+D
ws
KSD

AF D

EFS.D
ATS.D

PbB^J ""

PbB rfj 0.95

PbB

X

X
X

X

X
X

X

X
X

^Jg^fi^^Vi^m^^^^^
X S il lead co centr u
X
X

X
X

X

X

X

X

X
X

Felal/m temal PbB rau
B kin u SI peFact

Geom in landard d u PbB
Bas 1 PbB
S il gesli rale ( 1 d g J de ed uid dust)
T tal ges rate f d 1 and d d t
W gnu g facio f acu f IRS gesied as td so 1
Mass f acu fsoil d t
Absorp fra u (sam f 1 and dust)
Expos re freq cy (sam f so 1 and dust)
A rag g dm ( am f 1 and dust)

PbB fad II w rk geom tri me

95th p ce HI PbB am ng r fuses I dult w rk n

TargtPbBI d fco cern( g 10 g/dL)

Pr b blUtyfhalf talPbB>PbB assuming 1 gn rmaldlstrib tl
Eq u 1 does t pporu posure betwee S 1 and dust g tl (ex 1 des W K )

Wh IR IR d W 1 0 th equati ns yi Id th sam PbB,^

g/g ppm

g/dLpe
g/d y

g/dL
g/dy

g /dy

d ys/yr
d ys/y

g/dL

i/dL

g/dL

820
09
04

218
153

0100

012
250
365

18
58

100

107 f

820 '
09
04

218
153

0100

012
250
365

18
58

100

107

HBlysi'D|S:quflbon5a|SI

820
09
04I

2 18
153

0100
10
07
012
250
365

18
58

U O O

107 <

KcsDifSHTtS!
820
09 il
04

2 18
153

0100
10
07
012
250
365

18
58

100

107

EquaUo 1 has d on Eq 1 21 USEPA (1996)

PbB du =
PbB , „,. s =

(PbS BKSF IR AF EF /AT D) + PbB

PbB,,,,,, (GSD, " R)

Equati 2 11 rn I pproach based Eq 1 2 d A 19 I USEPA (1996)

PbB M =
PbB,*, 5 =

PbS BKSF* [(IRs.!,) AFS EF W ]+[KSD (B

PbB.*,, (GSD,J

ts. ) U W ) AF EF ])/365+PbB
M R)

S uro US EPA(199O Reconun d d IB f th T ch leal R I w W kg pf Lad
f Î BD App ch to Assess! g Risks Assod ted with Ad It Exposures to U d I S II



Attachment A 6-23
Trespasser Building?

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w W kgroup f Le d Ad It Lead Commltl

V rsl dat 05/19/03

p y-:-" . • • I DBS -|| - ' • ' ' • • " : - • • • • ' ' • \[ ' ' :•••• \ 'WW?ff
I 1 : , fenrismrs Matrm-rthnf1 I I . . . ' • • • - - . ] ; F " \M&&.WL^r>biijm

PbS
R< UIAmtemi]

BKSF

GSD,
PbB0

IRS

IRS D

Ws

Ks

AFSD

EFS,D
ATS.D

PbB-j*
PbB?\ „

PbB

PCPbB^^P^BJ

ma
X

X
X

X
X

X

X

X

X

fcai
X

X
X

X
X

X
X
X

X

X
X

S il lead centrati
F tal/m temal PbB rau
B la ti SI peF to

Geom tn undardd u PbB
Basehn PbB
S U uiges rate ( 1 di g il den ed d dust)
T tal ges rate f Idoo 1 and d dust
W gnu g fact fracu f IRj, gested as Id soil
Mass facti fsol d
Absorpu fra ( am f 1 and d t)
Expos re freq cy ( am f 1 and dust)
A erag g urn ( am f 1 and dust)

PbB t adult w rker geom trl mean

95th p ce til PbB am ng f fuses r dull work rs

T g t P b B l lofco ce (e.g 10 g/dL)

Pr ^ blUty th t Mal PbB PbB assuml g 1 gn rmal dlstrlb U

•5S5B»
g/g ppm

g/dLpe
g/day
_

g/dL
g/d y

g/d y

d ys/y
d ys/y

g/dL

g/dL

g/dL

%

M&SDlraH in|
820
09
04

218
153

0050

_

012
6

365

1.5
50

100

067

qNon'R'esidential>E)tpo5ure'lScenari5»aB!l
^^^MlM«iiffirv.n..aHnnli«Bl

820
09
04

2 18
153

0050

012
6

365

1.5

50

100

067

820
09
04

2 18
153

0050
10
07
012

6
365

15
50

100
067

820
09
04

218
153

0050
10
07

012
6

365

15

50

100

067
Eq u 1 doe ppom up re betwee 1 and dust ges ( I des W K )

Wh IR IRj. and W 1 0 th cq u ns y Id th am PbB,

Equatl 1 based Eq 1 2 I USEPA (1996)

PbB „,„, = (PbS BKSF IRj. AF EF/AT )
PbB „, = PbB^B (GSD,

Eq tl 2 II rn 1 ppro ch b sed Eq 1 2,
P5B ^ = PbS BKSF«([(IR ) AF

PbBfrt.. 5 =

d A 1 9 l
EF W ]+

PbB^n

" R)
+ PbB

USEPA (19%)
[K (m
(GSD, M

) (1 Ws) AF EF ])/365+PbBo

R)

S urce US EPA (1996) R conun d a ns flh Technical R v l w W k g p f U d
r I terim App ch to Assess! g Risk" Assod ted with Ad It Expos a to Le d I S II Pn led 03/15/2004 4-05 PM



Attachment A-6 24
Trespasser Building?

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re 1 w W kgro p t Lead Ad It L d C mmlltee

Versl d te OS/19/03

^f^^AlW^fMKSOK^n^iMiKI^M

• 1 , ' • ' ' ,
i l' , | ,, l1 i l 1

BSHMKIllWJiVauHfoi3N35*Re6idenaal!Kxi*«urgScenari,3B!B
\\flffsQ;z!?z!5ij/i^\fffffXtt^a\iffiij!jp^^

PbS
*V ul/malemal

BKSF

GSD
PbB0 I
IRS

iRso
Ws

Ks

AFSD

EFS.D
ATS.D

"*&frlSsgr '
P5B>J,-«

? ^ PbB v *
fPC&bB^PiB,),,

X
X
X

X
X
X

X

X

X

i2 !̂lIB»Ke r̂af55i£55g^V^^
X
X
X

X
X

X
X
X

X

X

X

S il 1 d trail
F lal/m tana) PbB rat
B oki u Slop Facto |

1
G m in tandardd U PbB
Basel PbB
S U ges rate( 1 d g 1 d ved d d )
T lal I gesu rale f tdoo 1 and ind dus
W ghl g facl f ra u f IR D gest d as id 1
Mas fracu f 1 d l
Ab rpu fra (sam f so 1 and d t)
Expo ure freq y ( am f 1 and d l)
Averag g urn ( am f 1 and d I)

"\r- Y ^'/PbB rad It wo k geometri mean

J ' '' *• 95th p ct til PbB am ng f tuses f dull w rk n

Targ tPbBI el feo er ( g 10 g/dL)

Pr b blUty tli t f tal PbB PbB assuml g 1 gn rmal distrit d
Equau 1 doe t app ra po re b twee 1 and d st gem (a 1 des W K )

Whe K IRj. and W 1 0 th eq 1 y Id the sam PbB, „ '

EquaUo 1 based Eq 1 2 In USEPA (1996)
PbB w = (PbS BKSF IRs.0 AF EF/ATSD) + PbB

PbB , M. „ = PbB«hh (GSD, M R)

g/g ppm

8/dLpe
g/dy

g/dL
g/d y
g/d y

d ys/y
d ys/y

g/dL

g/dL

g/dL

%

820
09
04

218
153

0100

012
12

365

IS
50

100

06%

K&s5i!ffiiKil||aGSDi(5rHomt|
820
09
04

218
1 53

0 100

012
12

365

15
SO

100

067

820
09
04

2 18
153

0 100
10
07
012

12
365

15
50

100
067

McsDfRBaB
820
09
04

218
153

0100
10
07
012

12
365

1.5
50

100
067*"

Eq tlo 2 It m t ppro h b ed Eq 1 2 and A 19 In USEPA (19%)

PbB t
PbB a.

v, = PbS

5 =

BKSF»([(IR S*D) AF EFS W,]

PbB-f

[ K D (

(GSD,

KS. ) (1

™ R)

W ) AF EF ])/365+PbB

S ur U.S EPA (1996) R conun d U ns f th Technl I R I w W k g p C L d
f Iql^^App ach t Assess! g Risks Assod ted with Ad It Expos res to Le d I S II



Attachment A-6-25
Building 7 Area

Residential Exposure to Lead
Calculated Blood Lead and Lead Uptakes from IEUBK Model Software

St Louis Army Ammunition Plant
St Louis Missouri

[/;;;sMc:, ../.
5 1
1 2
23
34
4 5
5 6
67

M?((0[g« ;/to^ J'-ftjr^^ '. (&*»<•
0021
0034
0062
0067
0067
0093
0093

2619
273
3082
2987
2906
3077
3402

0
0
0
0
0
0
o

0379
0945
0988
1 015
1 064
1 126
1 147

1 786
283
2846
2868
2 146
1 939
1 833

4805
6539
6978
6937
6183
6235
6476

26
28
26
24
21
1 9
18



Attachment A 7 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Building 8 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Building 8 Surface Soil
Dermal

Absorption
(unrtless)

61

Building 8 Combined Surface and Subsurface Soil (0-10 feet BGS)
Dermal

Absorption
(unrtless)

Maximum Frequency of
Detect I Detection (mg/kg-day) (mg/kg-day) Backqround

60/60
33/60
34/60
20/60 7

mg/kg
mg/kg
mg/kg

2 OE 02
NTV
NTV

NE Not evaluated quantitatively
NTV No toxicrty value

BuiM gBRska Is Data 9/1CV2003 8 55 AM



Attachment A-7 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
20

021
01

0036

CF
1E6
1E6
1E6
1E6

AD
09
09
09
09

AB
0

013
013
013

SA
3300
3300
3300
3300

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

RfDoral

20E02
NTV
NTV
NTV

SFoal

NTV
73E01
7 3E+00
7 3E+00

Total

Hazard
Index

OOE+0
NA
NA
NA

OOE+0

Cancer
Risk
NA

20E9
95E9
34E9
1 5E8

Buildi Risks xls Excavation Worker-dermal RME 8/12/2003 304PM



Attachment A-7-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoa!)

Where HI = Hazard Index (unilless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlCT6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoaJ)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
20

021
01

0036

CF
1E6
1E6
1E6
1E6

IR
330
330
330
330

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

RfDora|

20E02
NTV
NTV
NTV

SForai
NTV

73E01
7 3E+00
7 3E+00

Hazard
Index
34E 3

NA
NA
NA

Cancer
Risk
NA

1 7E9
81E9
29E9

Total 3 4E 3 1 3E 8

Building 8 Risks xls Excavation Worker oral RME 8/12/2003 304PM



Attachment A-7-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
I | CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
19

016
007
003

CF
1E6
1E6
1E6
1E6

AD
02
02
02
02

AB
0

013
013
013

SA
2000
2000
2000
2000

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDoa,

20E02
NTV
NTV
NTV

SForal

NTV
73E01
7 3E+00
7 3E+00

Total

Hazard
Index

OOE+0
NA
NA
NA

OOE+0

Cancer
Risk
NA

1 OE 10
45E 10
1 9E 10
74E 10

BuildinpJIRisks xls Excavation Worker-dermal CTE 8/1 I3 3 04 PM



Attachment A-7-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc R(D0 al)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
19

016
007
003

CF
1E6
1E6
1E6
1E6

IR
100
100
100
100

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDorai

20E02
NTV
NTV
NTV

SForal

NTV
73E01
7 3E+00
7 3E+00

Hazard
Index
97E4

NA
NA
NA

Cancer
Risk
NA

20E 10
86E 10
37E 10

Total 9 7E 4 1 4E9

Building 8 Risks xls Excavation Worker oral CTE 8/12/2003 304PM



Attachment A-7-6
Future Industrial/Commercial Worker

- Estimated Risk for Derma! Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)

' Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Ora| Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0075

CF
1E6

AD AB
020 013

SA EF
3300 250

ED
25

BW
70

ATnc ATe

9125 25550
RfDoral

NTV
SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 6E 7
1 6E7

Building 8 Risks xls Site Worker dermal RME 8/12/2003 3 04 PMding_8 F



Attachment A-7-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0075

CF
1E6

IR
100

EF
250

ED
25

BW
70

ATnc ATC

9125 25550

RfDoral

NTV

SForai
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 9E7
1 9E7

Building 8 Risks xls Site Worker oral RME 8/12/2003 3 04 PM



Attachment A-7-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

i Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0049

CF
1E6

AD AB
003 013

SA EF
2000 250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDora,

NTV

SFora|
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

20E9
20E9

BuildinoS Risks xls Site Worker dermal CTE 8/12/2003 3 04 PM



Attachment A-7-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0049

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDoral

NTV

SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 3E 8
1 3E8

Building 8 Risks xls Site Worker oral CTE 8/12/2003 3 04 PM



Attachment A-7-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD'oral

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDora| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0075

CF
1E6

AD AB
03 013

SA EF
3300 12

ED
30

BW
70

ATnc ATC

10950 25550

RfDoral

NTV
SFoal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 4E8
1 4E8

Trespasser-dermal RME 8/12/2003 304PM



Attachment A-7-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0075

CF
1E6

IR
100

EF
12

ED
30

BW
70

ATne ATC

10950 25550
RfDora,
NTV

SForai
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 1E 8
1 1E8

Building 8 Risks xls Trespasser oral RME 8/12/2003 3 04 PM



Attachment A-7-12
Current Trespasser/Site Visitor

- - -Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

1 Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

'CF = Conversion Factor (1 x 10"6 kg/mg) [

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiD0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless) '
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0049

CF
1E6

AD
004

AB
013

SA EF
2000 6

ED
9

BW
70

AT AT BfDMlnc Mlc rtlL/ora|

3285 25550 NTV

SFora(

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 1E 10
1 1E 10

Buildiî ^Risks xls Trespasser-dermal CTE ^^ 8/12/2003 3 04 PM



Attachment A-7-1 3
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
0049

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATnc ATC

3285 25550
RfDoral

NTV
SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

54E 10
54E 10

Building 8 Risks xls Trespasser oral CTE 8/12/2003 3 04 PM



Attachment A 7 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA ,̂,, EF ED<xu)/(BW ^u AT^ RfD ra,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
!AB = Absorbed Fraction (unitless)
SAcMd = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchiK, = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BWcftW = Body Weight for a Child (kg)
BW d |, = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ^ ((SA^ ED hlld/BW hlld)+(SA d „ ED d ,/BW d ,,)))/(AT
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ,31 = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS CF AD AB SA^ SA d „ EF ED hlld ED d „ BW „„„ BW „ „ AT AT RfD , SF ,
0075 1E6 03 013 1913 3300 350 6 24 15 70 2190 25550 NTV 73E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

55E7
5 5 E 7

Bulldin^̂ isllsks xls Resident dermal RME 8/12/2003 3 04 PM8/12/200



Attachment A-7-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF EDchld)/(BW hld ATre RfDora))
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED,*,,, = Exposure Duration for a Child (years)
EDadun = Exposure Duration for an Adult (years)
BW Md = Body Weight for a Child (kg)
BW M = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)

= Soil Ingestion Rate for a Child (mg/day)
IR d i, = Soil Ingestion Rate for an Adult (mg/day)
RfD0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IFU,, EDcluld/BW hld)+(IRad i, EDad K/BW dult)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS CF IRcwid IRaduit EF EDch,,,, ED8(lult BWeh,,,, BWad „ AT c ATC RfDor , SForal

0075 1E6 200 100 350 6 24 15 70 2190 25550 NTV 7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

8 6E 7
86E 7

Building 8 Risks xls Resident oral RME 8/12/2003 3 04 PM



Attachment A 7 16
Hypothetical Future Resident

EstimatedJRisk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD „,)Equation 1 HI = (CS CF AD AB SA ,̂,, EF EDch|,d)/(BWch|ld AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) i
AB = Absorbed Fraction (unitless)
SAchud = Surface Area of Exposed Skin for a Child (cmz/day)
SA d K = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDch|ld = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BWcwn, = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
AT,,. = Averaging Time for Non Carcinogens (days)
R|D0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SFora) ((SA ,̂,, EDchll[)/BWch|ld)+(SAad „ EDad ,/BW d i,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

Hazard
CS CF AD AB SAehi,,, SA d „ EF ED hlld ED d „ BW hlld BW d „ AT e ATC RfD a, SF , index

0049 1E6 004 013 1440 2000 350 6 3 15 70 219025550 NTV 7 3E+00 NA
Total 0 OE+0

Cancer
Risk

1 7E 8
1 7E8

Build noBRisks xls Resident-dermal CTE 8/12/2003 3 04 PM



Attachment A 7 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Building 8 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR<*,d EF EDch w)/(BWch ld ATTO RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDch|id = Exposure Duration for a Child (years)
EDad i, = Exposure Duration for an Adult (years)
BWch!d = Body Weight for a Child (kg)
BWadull = Body Weight for an Adult (kg)
ATTC = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x1 0"6 kg/mg)

= Soil Ingestion Rate for a Child (mg/day)
t = Soil Ingestion Rate for an Adult (mg/day)

= Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IFUd ED hld/BWchlld)+(IR „ „ EDad lt/BW d ,,)))/(ATc)
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
0049

CF
1E6

IR hlld

100
IR d it

50
EF

350

ED hlld ED d „

6 3

BWhlld BW d l t

15 70

A T C

2190

ATC

25550

RfD |

NTV

SFral

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

21E7
2 1 E 7

Building 8 Risks xls Resident oral CTE 8/12/2003 3 04 PM



Attachment A-7-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Building 8 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
0 00097
00010

0
0
0

0
00034
00034

0
0
0

74E 10
1 4E9
22E9

20E9
1 3E8
1 4E8

1 5E8
1 3E8
28E8

1 6E7
1 9E7
36E7

Current Trespasser/Site Visitor

i

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

1 1E 10
54E 10
65E10

1 7E8
21E7
22E7

1 4E8
1 1E8
25E8

55E7
86E7
1 4E6

Building 8 Risks xls Risk Summary 8/12/2003 304PM



Attachment A 8 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Northeast Parking Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Northeast Parking Area Surface Soil
Dermal

Absorption
(umlless)

003
2

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

Northeast Parking Area Combined Surface and Subsurface Soil (0-10 feet BGS)

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

NE Not evaluated quantitatively
NTV No toxicity value

NERARsksxIs Data 9/1CV2003 843AM



Attachment A 8 2
Future Excavation/Construction Worker

.Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD0 ,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) '
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForaj = Oral Cancer Slope Factor (mg/kg/day)'

1
Chemical

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
034
025
039
0046
021

CF
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

ATC

84
84
84
84
84

ATC

25550
25550
25550
25550
25550

RfDoal

NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

3 2 E 9
24E8
3 7 E 9
4 3 E 9
20E9
37E8

NER .ks xls Excavation Worker dermal RME 8/12/2003 311 PM



Attachment A-8-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATTO RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ral)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
034
025
039
0046
021

CF
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

AT
84
84
84
84
84

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

27E 9
20E8
32E9
37E9
1 7E9
32E8

NERA Risks xls Excavation Worker oral RME 8/12/2003 3 11 PM



Attachment A-8-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoal)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)

1 AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D0 at = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
02
012
021
0035
013

CF
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

AT C

42
42
42
42
42

ATC

25550
25550
25550
25550
25550

RfDoa(

NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

1 3E 10
76E 10
13E 10
22E 10
83E 11
1 3E9

NER t̂eks:s xls Excavation Worker dermal CTE 8/1&2003 311 PMB/1&200:



Attachment A-8-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoa,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,Dora| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
02
012
021
0035
013

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

42
42
42
42
42

ATC

25550
25550
25550
25550
25550

RfD«,
NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

24E 10
1 5E9

26E 10
43E10
1 6E 10
26E9

NERA Risks xls Excavation Worker oral CTE 8/12/2003 3 11 PM



Attachment A 8-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD al)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) I
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Doaj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF0 J/fBW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
05
042
055
0086
026

CF
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
250
250
250
250
250

ED
25
25
25
25
25

BW
70
70
70
70
70

AT ATe

9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Hazard
Index

NA
NA
NA
NA
NA

Cancer
Risk

1 1E7
92E7
1 2E7
1 9E7
57E8

Total 0 OE+0 1 4E 6

ER t̂okE;s xls Site Worker dermal RME 8/12/2003 311 PM



Attachment A-8-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
05
042
055
0086
026

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
250
250
250
250
250

ED
25
25
25
25
25

BW
70
70
70
70
70

ATnc ATC

9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SFoal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

1 3E7
1 1E6
1 4E7
22E7
6 6 E 8
1 6E6

NERA Risks xls Site Worker-oral RME 8/12/2003 3 11 PM



Attachment A-8 8
Future Industrial/Commercial Worker

__ _ Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATro RfD0J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mo/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
023
019
025
0048
012

CF
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
250
250
250
250
250

ED
5
5
5
5
5

BW
70
70
70
70
70

A T C

1 825
1 825
1 825
1 825
1 825

ATe

25550
25550
25550
25550
25550

RfDoal

NTV
NTV
NTV
NTV
NTV

SFoal

73E01
7 3E+00
73E01
7 3E+00
73E 01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

92E 10
76E9

99E 10
1 9E9

48E 10
1 2E 8

NERA Risks xls Site Worker dermal CTE 8/12/2003 3 11 PM



Attachment A-8-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfD ra,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlCT6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(D0 ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
023
019
025
0048
012

CF
1E 6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50

EF
250
250
250
250
250

ED
5
5
5
5
5

BW
70
70
70
70
70

ATnc ATC

1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550

RfDoral
NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

59E9
48E8
64E9
1 2E8
31E9
76E8

NERA Risks xls Site Worker-oral CTE 8/12/2003 311 PM



Attachment A 8 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoal)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg) (

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R|Dora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora))/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
05
042
055
0086
026

CF
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
12
12
12
12
12

ED
30
30
30
30
30

BW
70
70
70
70
70

AT ATe

10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SF0 ,
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

95E9
79E8
1 OE8
1 6E8
49E9
1 2E7

NER^^ks,s xls Trespasser dermal RME 8/12/200:i3 3 11 PM



Attachment A-8-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
05
042
055
0086
026

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
12
12
12
12
12

ED
30
30
30
30
30

BW
70
70
70
70
70

AT c ATC

10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfDoal
NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Hazard
Index

NA
NA
NA
NA
NA

Cancer
Risk

73E9
62E8
81E9
1 3E8
38E9

Total 0 OE+0 9 4E 8

NERA Risks xls Trespasser oral RME 8/12/2003 3 11 PM



Attachment A-8 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)

1 AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) i
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anth racene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
023
019
025
0048
012

CF
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
6
6
6
6
6

ED
9
9
9
9
9

BW
70
70
70
70
70

ATnc

3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550

RfDora.

NTV
NTV
NTV
NTV
NTV

SFora|

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

53E 11
44E 10
57E 11
1 1E 10
28E 11
68E 10

ERJ^k;.s xls Trespasser dermal CTE 8/î op;i3 3 11 PM



Attachment A-8-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoa!)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kgAng)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,Dora| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
023
019
025
0048
012

CF
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50

EF
6
6
6
6
6

ED
9
9
9
9
9

BW
70
70
70
70
70

ATne ATC

3285 25550
3285 25550
3285 25550
3285 25550
3285 25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SFoa)

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

25E 10
21E9
28E 10
53E10
1 3E 10
33E9

NERA Risks xls Trespasser-oral CTE 8/12/2003 3 11 PM



Attachment A 8 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD ,)Equation 1 HI = (CS CF AD AB SA^ EF ED h,|d)/(BW m AT™
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10/* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAjNiu = Surface Area of Exposed Skin for a Child (cm2/day)
SA d |, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED h|d = Exposure Duration for a Child (years)
ED d n = Exposure Duration for an Adult (years)
BW „,„ = Body Weight for a Child (kg)
BW art, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiD i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF^ ((SA ,̂,, ED hW/BW hid)+(SA „ „ EDad ,/BW „ lt)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF0 i = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
05

042
055

0086
026

CF
1E6
1E6
1E6
IE-6
1E6

AD
03
03
03
03
03

AB
0 13
0 13
013
013
013

SACK,,,

1 913
1 913
1 913
1913
1 913

SA d l t

3300
3300
3300
3300
3300

EF EDhlld

350
350
350
350
350

6
6
6
6
6

EDd l t

24
24
24
24
24

BW „,,„
15
15
15
15
15

BWd l, ATTO

70
70
70
70
70

2190
2190
2190
2190
2 190

AT
25550
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SFral

73E01
7 3E+00
73E-01
73E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

37E7
31E6
41E7
64E7
1 9E7
47E6

ER,̂ ^B>ids Resident-dermal RME 8/12/2003 311 PM



Attachment A 8 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF ED hlld)/(BW hlld AT RfD^)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED ma = Exposure Duration for a Child (years)
ED d it = Exposure Duration for an Adult (years)
BW^ = Body Weight for a Child (kg)
BWad n = Body Weight for an Adult (kg)
AT,*. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchiw = Soil Ingestion Rate for a Child (mg/day)
IRaduit = Soil Ingestion Rate for an Adult (mg/day)
RiDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF^ ((IR hld ED hlld/BW hlld)+(IR d „ ED d I(/BW d ,,)))/(AT
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFOT i = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
05
042
055
0086
026

CF
1E6
1E6
1E6
1E6
1E6

IR hlld

200
200
200
200
200

iRd i t
100
100
100
100
100

EF
350
350
350
350
350

ED Wld

6
6
6
6
6

EDd l t

24
24
24
24
24

BW hlld

15
15
15
15
15

BW d l t

70
70
70
70
70

ATC

2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550

RfDral

NTV
NTV
NTV
NTV
NTV

SF ,
73E 01
7 3E+00
73E01
7 3E+00
73E01

Hazard
Index

NA
NA
NA
NA
NA

Cancer
Risk

57E 7
48E6
63E7
98E7
30E7

Total 0 OE+0 7 3E 6

NERA Risks xls Resident oral RME 8/12/2003 3 11 PM



Attachment A 8 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
~ COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD ,)Equation 1 HI = (CS CF AD AB SA^ EF ED h,M)/(BW „„„ AT,
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

I AB = Absorbed Fraction (unitless)
SAcniid = Surface Area of Exposed Skin for a Child (cm2/day)
SA a „ = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDcMd = Exposure Duration for a Child (years)
ED 0 i = Exposure Duration for an Adult (years)
BW hNa = Body Weight for a Child (kg)
BW d |, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
RiDo, i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ra, ((SAchld EDWBW h«d)+(SA d „ ED d ,,/BW d n)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFwai = Oral Cancer Slope Factor (mg/kg/day) ' '

Chemical CS CF AD AB 8Whl,d BWd | , AT AT RfD „, SF
Hazard Cancer

i Index Risk
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

023
019
025

0048
012

1E6
1E-6
1E6
1E-6
1E-6

004 013
004 013
004 013
004 013
004 013

1 440
1 440
1 440
1 440
1 440

2000 350
2000 350
2000 350
2000 350
2000 350

6
6
6
6
6

3
3
3
3
3

15
15
15
15
15

70
70
70
70
70

2190 25550
2190 25550
2190 25550
2 190 25550
2 190 25550

NTV
NTV
NTV
NTV
NTV

73E-01
73E+00
73E01
73E+00
73E01

NA
NA
NA
NA
NA

79E9
65E8
8 6 E 9
1 7E8
4 1 E 9

Total 0 OE+0 1 OE 7

NERA^^xxls Resident-dermal CTE 8/12/2003 311 PM



Attachment A 8 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Northeast Parking Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR hlld EF ED hlw)/(BW hld AT^ RfD^)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hMd = Exposure Duration for a Child (years)
ED uui, = Exposure Duration for an Adult (years)
BW hNd = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR hl!d = Soil Ingestion Rate for a Child (mg/day)
IR d „ = Soil Ingestion Rate for an Adult (mg/day)
RfDora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFaa ((IR^ ED h,,«y'BWchld)+(IR d , ED d ,/BW d ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFo,ai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
023
019
025

0048
012

CF
1E6
1E6
1E6
1E6
1E6

IRchiin
100
100
100
100
100

«..
50
50
50
50
50

EF
350
350
350
350
350

EDehlld

6
6
6
6
6

EDd l t

3
3
3
3
3

BW hlld

15
15
15
15
15

BW d l t

70
70
70
70
70

AT
2 190
2190
2190
2190
2190

AT

25550
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SF ,
73E 01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

9 7E 8
80E7
1 1E7
20E7
5 1 E 8
1 3E6

NERA Risks Jds Resident oral CTE 8/12/2003 311 PM



Attachment A-8-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Northeast Parking Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri
1

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

1 3E9
26E9
39E9

1 2E8
76E8
88E8

37E8
32E8
68E8

1 4E6
1 6E6
30E6

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion -
Total

0
0
0

0
0
0

0
0
0

0
0
0

68E 10
33E9
40E9

1 OE7
1 3E6
1 4E6

1 2E7
94E8
21E7

47E6
73E6
1 2E5

NERA Risks xls Risk Summary 8/12/2003 311 PM



Attachment A 9 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Railroad Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Rail Line Surface Soil

Dermal
Absorption
(umtless)

0*03

Rail Line Combined Surface and Subsurface Soil (0-10 feet BGS)

NE Not evaluated quantitatively
NTV No toxicity value

Rail oad Risks xls Data 9/10/2003 8 34 AM



Attachment A-9-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

, Where HI = Hazard Index (unitless)
' CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)

j ] SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
072
267

0046

CF
1E6
1E6
1E6

AD
09
09
09

AB
0
0

013

SA
3300
3300
3300

EF
60
60
60

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATC

25550
25550
25550

RfDora,

50E03
20E02

NTV

SFora|

NTV
NTV

7 3E+00
Total

Hazard
Index

OOE+0
OOE+0

NA
OOE+0

Cancer
Risk
NA
NA

43E9
43E9

Railrj lisks xls Excavation Worker-dermal RME 503PM



Attachment A-9-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
072
267
0046

CF
1E6
1E6
1E6

IR
330
330
330

EF
60
60
60

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATe

25550
25550
25550

RfDoral

50E03
20E02

NTV

SForal

NTV
NTV

7 3E+00
Total

Hazard
Index
48E4
45E3

NA
50E3

Cancer
Risk
NA
NA

37E9
37E9

Railroad Risks xls Excavation Worker oral RME 9/8/2003 503PM



Attachment A-9-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora!)

Where HI = Hazard Index (umtless)
' CS = Concentration of Chemical in Soil (mg/kg) ,

, CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless) '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D0 aj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)' i

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
065
239
0037

CF
1E6
1E6
1E6

AD AB
02 0
02 0
02 013

SA EF
2 000 ' 30
2 000 30
2 000 30

ED
1
1
1

BW
70
70
70

AT C

42
42
42

ATC RfDora,
25 550 5 OE 03
25 550 2 OE 02
25 550 NTV

SFoal

NTV
NTV

7 3E+00
Total

Hazard
Index

OOE+0
OOE+0

NA
OOE+0

Cancer
Risk
NA
NA

24E 10
24E 10

Rail isks xls Excavation Worker dermal CTE i3 5 03 PM



Attachment A-9-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
065
239
0037

CF
1E6
1E6
1E6

IR
100
100
100

EF
30
30
30

ED
1
1
1

BW
70
70
70

ATnc

42
42
42

ATC

25550
25550
25550

RfDorai
50E03
20E02

NTV

SFora|
NTV
NTV

7 3E+00
Total

Hazard
Index
1 3E4
1 2E3

NA
1 4E3

Cancer
Risk
NA
NA

45E 10
45E 10

Railroad Risks xls Excavation Worker oral CTE 9/8/2003 5 03 PM



Attachment A-9-6
Future Industrial/Commercial Worker

— Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS =' Concentration of Chemical in Soil (mg/kg)

, CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0066

CF
1E6

AD AB
020 013

SA EF
3300 250

ED
25

BW
70

ATnc ATC

9125 25550
RfDoral

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 4E7
14E7

Railroa Hisks xls Site Worker dermal RME 9/8/2003 503PM



Attachment A-9-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
Ft(D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0066

CF
1E6

IR
100

EF
250

ED
25

BW
70

ATnc ATC

9125 25550
RfDoral

NTV

SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 7E7
1 7E7

Railroad Risks xls Site Worker-oral RME 9/8/2003 5 03 PM



Attachment A-9-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATpc = Averaging Time for Non Carcinogens (days)
RfD0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)pyrene

CS
0037

CF
1E6

AD AB
003 013

SA EF
2000 250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDora,

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 5E9
1 5E9

RailroaiHisks xls Site Worker dermal CTE _ 9/8/2003 5 03 PM8/2003 .



Attachment A-9-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0037

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDora,
NTV

SForai
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

94E 9
94E9

Railroad Risks xls Site Worker oral CTE 9/8/2003 5 03 PM



Attachment A-9-10
Current Trespasser/Site Visitor

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
,CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0066

CF
1E6

AD
03

AB
013

SA EF
3300 12

ED
30

BW
70

AT AT RfD** ' ne ** ' c " ' "oral

10950 25550 NTV
SFoaI

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 2E8
1 2E8

Railroa^isks xls Trespasser-dermal RME ^^ 9/8/2003 5 03 PM



Attachment A-9-1 1
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
0066

CF
1E6

IR
100

EF
12

ED
30

BW
70

ATnc ATC

10950 25550
RfDoral

NTV

SForai
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

97E 9
97E9

Railroad Risks xls Trespasser oral RME 9/8/2003 5 03 PM



Attachment A-9-12
Current Trespasser/Site Visitor

— Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 8 kg/mg)
ADi= Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RtDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0037

CF
1E6

AD AB
004 013

SA EF
2000 6

ED
9

BW
70

ATnc ATC

3285 25550
RfDora,

NTV
SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

85E 11
85E 11

Railr^USisks xls Trespasser dermal CTE 9/8/2003 5 03 PM



Attachment A-9-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0037

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATne ATe

3285 25550
RfDora,
NTV

SForaj
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

41E 10
41E 10

Railroad Risks xls Trespasser oral CTE 9/8/2003 5 03 PM



Attachment A 9 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfDEquation 1 HI = (CS CF AD AB SA ,̂,, EF EDch^BW ,̂,, AT™
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) '

= Surface Area of Exposed Skin for a Child (cm2/day)
, = Surface Area of Exposed Skin for an Adult (cm2/day)

EF = Exposure Frequency (days/year)
EDchUd = Exposure Duration for a Child (years)
ED d it = Exposure Duration for an Adult (years)
BWcWld = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((SAchlId EDchlkl/BWchIld)+(SA „ „ ED d ,/BW „ ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0066

CF
1E6

AD
03

AB
013

SA,.hlld SA d l t EF EDO,,,,) ED.d „
1913 3300 350 6 24

BWhlld BWadlt

15 70
AT AT
2190 25550

RfD ,
NTV

SForai
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

49E7
49E7

Railn iks xls Resident dermal RME 0 5 03 PM



Attachment A-9-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF ED^JABW^ AT RfDoa,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDch1d = Exposure Duration for a Child (years)
EDadult = Exposure Duration for an Adult (years)
BW^u = Body Weight for a Child (kg)
BWad |, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 X10"6 kg/mg)
IRchw = Soil Ingestion Rate for a Child (mg/day)
IR dun = Soil Ingestion Rate for an Adult (mg/day)
R(D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFora) ((IR^ EDchld/BWchldMIRad „ EDadult/BW
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
0066

CF
1E6

IRchlld IR a It

200 100
EF
350

ED,*,,,, EDad „
6 24

BWduw BWdult

15 70
ATC AT

2 190 25 550

RfD0 ,
NTV

SF .,
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

75E7
75E7

Railroad Risks xls Resident-oral RME 9/8/2003 5 03 PM



Attachment A 9 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA-hld EF EDMa)/(B\NQhM AT c RfD J
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAcwid = Surface Area of Exposed Skin for a Child (cm2/day)
SAad H = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchua = Exposure Duration for a Child (years)
EDadim = Exposure Duration for an Adult (years)
BW hild = Body Weight for a Child (kg)
BW d |, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ^ ((SA^ EDchlld/BWchllcl)+(SA „ „ ED „ ,,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

i Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF i = Oral Cancer Slope Factor (mg/kg/day) 1

Hazard Cancer
Chemical CS CF AD AB SA „„„ SA d „ EF ED hMd ED „ „ BW hi,d BW d „ AT AT RfD „ SF , index Risk

Benzo(a)pyrene 0037 1E6 004 0 13 1 440 2000 350 6 3 15 70 219025550 NTV 73E+00 NA 1 3E 8*"
Total 0 OE+0 1 3E 8

RailroadRlsks xls Res dent dermal CTE __ 9/8/2003 5 03 PM



Attachment A 9-17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Railroad Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDchild)/(BWchld AT^ RfD ^
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDcMw = Exposure Duration for a Child (years)
EDad it = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BWadu,, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchid = Soil Ingestion Rate for a Child (mg/day)
IRad it = Soil Ingestion Rate for an Adult (mg/day)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFora) ((IR hkj EDchld^Wchld)-(-(IRad „ EDad lt/BW „ lt)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SForaJ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0037

CF
1E6

IRchlld

100

IR d n
50

EF
350

EDch,|d ED „ i,

6 3

BWhlld BW d l t

15 70

AT

2190

AT

25550

RfDra,
NTV

Hazard
SF ral Index

7 3E+00 NA
Total 0 OE+0

Cancer
Risk

1 6E 7
1 6E7

Railroad Risks xls Resident oral CTE 9/8/2003 5 03 PM



Attachment A-9-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Railroad Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal -
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
00014
00014

0
0
0

0
00050
00050

0
0
0

24E 10
45E10
69E 10

1 5E9
94E9
1 1E8

43E9
37E9
81E9

14E7
1 7E7
31E7

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

85E 11
41E 10
49E 10

1 3E8
1 6E7
17E7

1 2E8
97E9
22E8

49E7
75E7
1 2E6

Railroad Risks xls Risk Summary 9/8/2003 503PM



Attachment A 10 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Roadway Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Roadway Surface Soil

Roadway Combined Surface and Subsurface Soil (0-10 feet BGS)

Chemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Dermal
Absorption
(umtless)

Chronic
RfDonj

(mg/kg-day) (mo/kg day) Background
Antimony
AWriic^
Jeryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranlhene

mg/kg
E3S3I
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

18
PH
046
15

0002
0002
0003

34
IB1
67
37
1 2
1 1
1 5

30/96mm
96/96
96/96
48/96
49/96
51/96

96
fSJfgj
085
244
017
0078
016

j!benz(a'n)anlrjracenea

88

075
237
013

0056
013

0
0

013
013
013

40E-04

50E03
20E-02

NTV
NTV
NTV

NTV
iSH
NTV
NTV

73E-01
73E+00
73E-01

101
2546
089
074
063

NE Not evaluated quantitatively
NTV No toxicity value

Roadway R sk3 xls Data 9/1CV2003 904AM



Attachment A 10 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs~0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD a)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm*/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,,. = Averaging Time for Non Carcinogens (days)
RfDWai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFwal)/(BW AT )

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SF gj = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
96
085
244
017
0078
016
0034

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09
09

AB
0
0
0

013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF E
60
60
60
60
60
60
60

D BW
70
70
70
70
70

1 70
70

AT
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
40E04
50E03
20E02

NTV
NTV
NTV
NTV

SFral

NTV
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

1 6E9
74E9
1 5E9
32E9
1 4E8

Roadway Risks xls Excavation Worker dermal RMEJwa^Bjsk 8/12/2003 429PM



Attachment A-10 3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT RfD0 J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForaj = Ora' Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
96
085
244
017
0078
016
0034

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330

EF
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT e

84
84
84
84
84
84
84

ATe

25550
25550
25550
25550
25550
25550
25550

RfD ,
40E 04
50E03
20E02

NTV
NTV
NTV
NTV

SF |
NTV
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index
8 1E 2
57E4
4 1 E 3

NA
NA
NA
NA

85E2

Cancer
Risk
NA
NA
NA

1 4E9
63E9
1 3E9
27E9
1 2E8

Roadway Risks xls Excavation Worker oral RME 8/12/2003 429PM



Attachment A 10 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD „,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATpc = Averaging Time for Non Carcinogens (days)
RfD ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra,)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF i = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
88
075
237
013

0056
013
003

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02
02

AB
0
0
0

013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT
42
42
42
42
42
42
42

AT
25550
25550
25550
25550
25550
25550
25550

RfD |
40E04
50E03
20E02

NTV
NTV
NTV
NTV

SFral

NTV
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

83E 11
36E10
83E 11
1 9E10
71E 10

ad^^flsilsks xls Excavation Worker dermal CTE 8/1J/20CI003 4 29 PM



Attachment A-10-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT,*. RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATTC = Averaging Time for Non Carcinogens (days)
R,DoraJ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
88

075
237
013
0056
013
003

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

A T C

42
42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550
25550

RfDoral

40E 04
50E03
20E02

NTV
NTV
NTV
NTV

SF0 ,
NTV
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index
22E 2
1 5E4
1 2E3

NA
NA
NA
NA

24E2

Cancer
Risk
NA
NA
NA

1 6E 10
69E 10
1 6E 10
37E 10
1 4E9

Roadway Risks xls Excavation Worker-oral CTE 8/12/2003 429PM



Attachment A-10-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD &)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

! CF = Conversion Factor (1 x 10"6 kg/mg)
' AD = Adherence Factor for Soil (mg/cm2) '

AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
11 1
1 17
24

014
0037

CF
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020

AB
0
0
0

013
013

I SA
3300
3300
3300
3300
3300

EF
250
250
250
250
250

ED
25
25
25
25
25

BW
70
70
70
70
70

ATC AT
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfD a,
40E04
20E03
30E03

NTV
NTV

SFora,
NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

31E7
8 1E8
39E7

adĵ i:isks xls Site Worker-dermal RME 8/12/2003 429PM8/12200:



Attachment A-10-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
11 1
1 17
24

014
0037

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
250
250
250
250
250

ED
25
25
25
25
25

BW
70
70
70
70
70

ATnc ATC

9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfDoral
40E04
20E03
30E03

NTV
NTV

SForal

NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index
27E2
5 7 E 4
78E3

NA
NA

36E2

Cancer
Risk
NA
NA
NA

36E7
94E8
4 5 E 7

Roadway Risks ids Site Worker oral RME 8/12/2003 4 29 PM



Attachment A-10 8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-6 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTO RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)

I SFora] = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
96

085
23

009
0031

CF
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003

AB
0
0
0

013
013

SA
2000
2000
2000
2000
2000

EF
250
250
250
250
250

ED
5
5
5
5
5

BW
70
70
70
70
70

ATnc

1 825
1 825
1 825
1 825
1 825

]

ATC

25550
25550
25550
25550
25550

RfDoral

40E04
20E03
30E03

NTV
NTV

SFoal

NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

36E9
1 2E9
4 8 E 9

RoadwajLflisks xls Site Worker dermal CTEdwa^Ais 8/12/200303 4 29 PM



Attachment A-10-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)7(BW ATnc RfDora))

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(D0 ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
96
085
23

009
0031

CF
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50

EF
250
250
250
250
250

ED
5
5
5
5
5

BW
70
70
70
70
70

AT c ATC

1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550

RfDoal

40E04
20E03
30E03

NTV
NTV

SForal

NTV
NTV
NTV

7 3E+00
7 3E+00

Hazard
Index
1 2E 2
21E4
38E3

NA
NA

Cancer
Risk
NA
NA
NA

23E8
79E9

Total 16E2 31E8

Roadway Risks xls Site Worker-oral CTE 8/12/3003 429PM



Attachment A-10-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (umtless)
i CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
11 1
1 17
24

014
0037

CF
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03

AB
0
0
0

013
013

SA
3300
3300
3300
3300
3300

EF
12
12
12
12
12

ED
30
30
30
30
30

BW
70
70
70
70
70

ATe AT

10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfDoral

40E04
20E03
30E03

NTV
NTV

SFoal

NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

26E8
70E9
33E8

Trespasser dermal RME 8/1 I3 4 29 PM



Attachment A-10-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
11 1
1 17
24

014
0037

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
12
12
12
12
12

ED
30
30
30
30
30

BW
70
70
70
70
70

ATne ATC

10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfDoral

40E04
20E03
30E03

NTV
NTV

SFoal

NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index
1 3E3
27E5
38E4

NA
NA

1 7E3

Cancer
Risk
NA
NA
NA

21E8
54E9
26E8

Roadway Risks xls Trespasser-oral RME 8/12/2003 429PM



Attachment A-10 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTO RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ,<,! = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
96
085
23

009
0031

CF
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004

AB
0
0
0

013
013

SA
2000
2000
2000
2000
2000

EF
6
6
6
6
6

ED
9
9
9
9
9

BW
70
70
70
70
70

AT

3285
3285
3285
3285
3285

ATe

25550
25550
25550
25550
25550

RfDoal

40E04
20E03
30E03

NTV
NTV

SFoal

NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

21E 10
71E 11
28E 10

Trespasser dermal CTE 8/12/2003 429PM



Attachment A-10-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATn

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora))/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFoai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
96
085
23

009
0031

CF
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50

EF
6
6
6
6
6

ED
9
9
9
9
9

BW
70
70
70
70
70

AT c ATC

3285 25550
3285 25550
3285 25550
3285 25550
3285 25550

RfDoral

40E04
20E03
30E03

NTV
NTV

SFora)

NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index
2 8 E 4
50E6
90E5

NA
NA

38E4

Cancer
Risk
NA
NA
NA

99E 10
34E 10
1 3E9

Roadway Risks xls Trespasser-oral CTE 8/12/2003 429PM



Attachment A 10 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
~ COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD ,)Equation 1 HI = (CS CF AD AB SA^n,, EF ED hNd)/(BW mi AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchua = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cmj/day)
EF = Exposure Frequency (days/year)
ED hld = Exposure Duration fora Child (years)
ED dui, = Exposure Duration for an Adult (years)
BW „„„ = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
RiDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF & ((SA ,̂,,, ED hM/BW h|ld)+(SA d „ ED
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day) '

iO))/(AT )

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
11 1
1 17
24

014
0037

CF
1E6
1E6
1E-6
1E-6
1E-6

AD
03
03
03
03
03

AB
0
0
0

013
013

SA.*,
1 913
1 913
1 913
1 913
1 913

SA d l l

3300
3300
3300
3300
3300

EF EDh,,d
350
350
350
350
350

6
6
6
6
6

EDdull

24
24
24
24
24

BW hlld

15
15
15
15
15

BW d l t

70
70
70
70
70

ATtB

2190
2 190
2 190
2190
2 190

AT
25550
25550
25550
25550
25550

RfD i
40E04
20E03
30E03

NTV
NTV

SF ,
NTV
NTV
NTV

73E+00
73E+00

Total

Hazard
Index

0
0
0

NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

1 OE6
27E7
1 3E6

Roadw^Jaks xls Res de t-dermal RME 429PM



Attachment A 10 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFU,, EF ED hlld)/(BW hlld ATW RfD J
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED KM = Exposure Duration for a Child (years)
ED d it s Exposure Duration for an Adult (years)
BW hld = Body Weight for a Child (kg)
BW d i, = Body Weight for an Adult (kg)
AT,,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR hiw = Soil Ingestion Rate for a Child (mg/day)
IR dun = Soil Ingestion Rate for an Adult (mg/day)
R(D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF^ ((IFUd ED hlw/BW hlld)+(IR d „ ED d ,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFaal = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a hjanthracene

CS
11 1
1 17
24

014
0037

CF
1E6
1E6
1E6
1E6
1E6

IR mid
200
200
200
200
200

IRd i t
100
100
100
100
100

EF
350
350
350
350
350

ED hud

6
6
6
6
6

EDd, t

24
24
24
24
24

BW hl,d
15
15
15
15
15

BWd l ,
70
70
70
70
70

AT
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550

RfDra,
40E04
20E03
30E03

NTV
NTV

SFral

NTV
NTV
NTV

7 3E+00
7 3E+00

Hazard
Index
35E 1
75E3
1 OE 1

NA
NA

Cancer
Risk
NA
NA
NA

1 6E6
42E7

Total 4 6E 1 2 OE 6

Roadway Risks xls Resident oral RME 8/12/2003 429PM



Attachment A 10 16
Hypothetical Future Resident

jEstimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfD ,)Equation 1 HI = (CS CF AD AB SA^ EF ED hk,)/(BW M KT
(hazard estimate assumes child only exposure)

Where Ml = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SAchid = Surface Area of Exposed Skin for a Child (cm2/day)
SA d |, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hiid = Exposure Duration for a Child (years)
ED dun = Exposure Duration for an Adult (years)
BW hk) = Body Weight for a Child (kg)
BW w = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R(D ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SFW , ((SA în ED hM/BW hi,d)+(SA „ „ ED ,̂,/BW „ ,0))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
Spun,, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
96
085
23

009
0031

CF
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004

AB
0
0
0

013
013

SA^id
1 440
1 440
1 440
1 440
1 440

SA.d u

2000
2000
2000
2000
2000

EF EDhll<)

350
350
350
350
350

6
6
6
6
6

EDdl,
3
3
3
3
3

BW hlld

15
15
15
15
15

BWd l l ATro AT
70
70
70
70
70

2190 25550
2190 25550
2190 25550
2190 25550
2190 25550

RfD ,
40E04
20E03
30E03

NTV
NTV

SFral

NTV
NTV
NTV

73E+00
7 3E+00

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

NA
NA

OOE+0

Cancer
Risk
NA
NA
NA

3 1E8
1 1E8
42E8

Roadwaudttts:sxls Reside HJermalCTE 8^W03 429PM



Attachment A 10 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Roadway Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR „„„ EF ED h,ld)/(BW hlld AT RfD „)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration o1 Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hlld = Exposure Duration for a Child (years)
ED^ „ = Exposure Duration for an Adult (years)
BWcMd = Body Weight for a Child (kg)
BWadm, = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRcMd = Soil Ingestion Rate for a Child (mg/day)
IR d i, = Soil Ingestion Rate for an Adult (mg/day)
RiDofai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF^ ((IR hld ED Md/BW hld)+(IR
(cancer risk assumes child + adult exposure)

ED „ ,/BW d ,,)))/(AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFwai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Antimony
Beryllium
Chromium
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
96
085
23

009
0031

CF
1E6
1E6
1E6
1E6
1E6

IRchlld

100
100
100
100
100

«,.
50
50
50
50
50

EF
350
350
350
350
350

EDchlld

6
6
6
6
6

EDdl,
3
3
3
3
3

BW hlld

15
15
15
15
15

BWdua

70
70
70
70
70

AT
2 190
2190
2190
2190
2190

ATC

25550
25550
25550
25550
25550

RfD i
40E 04
20E03
30E03

NTV
NTV

SF ,
NTV
NTV
NTV

7 3E+00
7 3E+00

Total

Hazard
Index
1 5E 1
27E3
49E2

NA
NA

21E1

Cancer
Risk
NA
NA
NA

38E7
1 3E7
51E7

Roadway Risks xls Resident oral CTE 8/12/2003 429PM



Attachment A-10-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Roadway Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

I

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

Current Trespasser/Site Visitor
Dermal
Ingestion
Total

Hypothetical Future Resident
Dermal
Ingestion
Total

Hazard
CTE

0
0024
0024

0
0016
0016

0
0 00038
0 00038

0
021-
021

Index
RME

0
0085
0085

0
0036
0036

0
00017
00017

0
046
046

Cancer
CTE

71E 10
1 4E9
2 1 E 9

48E9
31E8
36E8

28E 10
1 3E9
1 6E9

42E8
51E7
55E7

Risk
RME

1 4E8
1 2E8
25E8

39E7
45E7
84E7

33E8
26E8
59E8

1 3E6
20E6
33E6

Roadway Risks xls Risk Summary 8/12/2003 429PM



Attachment A 11 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 1AArea
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 1A Surf ace Soil (0-0 5 feet BGS)

units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Dermal
Absorption
(unitless)

Chronic

(mg/kg-day)
SFw

(mg/kg day)1 Background
mg/kg 035 035 1/4 035 035 0 14 2 OOE 05

Hotspot 1A Combined Surface and Subsurface Soil (0-10 feet BGS)
Dermal

Absorption
(unitless)

Minimum Maximum
Detect Detect

IRIS recommends using a slope factor of 2 0 for RME and 1 0 for CTE
NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 1A Risks xts Data 9/1IV2003 856AM



Attachment A-11-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) ,
CF = Conversion Factor (1 x 106 kg/mg)'
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1 '

Chemical
PCS 1254

CS
021

CF
1E6

AD AB
09 014

SA EF
3 300 60

ED
1

BW
70

ATnc ATC

84 25 550
RfDoral

50E05
SFoal

2 OE+00
Total

Hazard
Index
1 8E2
1 8E2

Cancer
Risk

58E9
58E9

Hotspo^A Risks xls Excavation Worker dermal RME ^_ 8/21/2003 11 44 AM



Attachment A-11-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254

CS
021

CF
1E6

IR
330

EF
60

ED
1

BW
70

ATnc

84

AT Rtn" • c **'™*or8l

25 550 5 OE 05

SForal

2 OE+00
Total

Hazard
Index
1 4E 2
1 4E2

Cancer
Risk

46E9
46E9

Hotspot 1A Risks xls Excavation Worker-oral RME 8/21/2003 11 44 AM



Attachment A-11-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,*, = Averaging Time for Non Carcinogens (days)
RfDorai = Ofal Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254

CS
010

CF
1E6

AD AB
02 014

SA EF
2 000 30

ED
1

BW
70

ATnc

42
f\ 1 g FlTL/Qrgj

25 550 5 OE 05
SForal

1 OE+00
Total

Hazard
Index
1 2E3
1 2E3

Cancer
Risk

95E 11
95E 11

p^^Risks xls Excavation Worker-dermal CTE ^^ 8/21/20TM11 44 AM



Attachment A-11-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254

CS
010

CF
1E6

IR
100

EF
30

ED
1

BW
70

ATnc ATC

42 25 550
RfDoral

50E05
SFora|

1 OE+00
Total

Hazard
Index
2 1 E 3
2 1 E 3

Cancer
Risk

1 7E 10
1 7E 10

Hotspot 1A Risks xls Excavation Worker oral CTE 8/21/2003 11 44 AM



Attachment A-11-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATpc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254

CS
035

CF
1E6

AD AB
020 014

SA EF
3 300 250

ED
25

BW
70

ATnc ATC

9125 25550
RfDoral

20E05
SForal

2
Total

Hazard
Index
1 6E2
1 6E2

Cancer
Risk

23E7
23E7

Hotspc^A Risks xls Site Worker-dermal RME ^^ 8/21/2003 11 44 AM2003.11



Attachment A-11-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCS 1254

CS
035

CF
1E6

IR
100

EF
250

ED
25

BW
70

ATnc ATC

9125 25550
RfDora.

20E05
SForal

2
Total

Hazard
Index
1 7E2
1 7E2

Cancer
Risk

2 4 E 7
2 4 E 7

Hotspot 1A Risks xls Site Worker oral RME 8/21/2003 11 44 AM



Attachment A-1 1-8
Future Industrial/Commercial Worker

- - - Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1 A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

1 Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

l Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
PCB 1254

CS
035

CF
1E6

AD AB
003 014

SA EF
2 000 250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDoral

20E05

SForal

1
Total

Hazard
Index
1 4E3
1 4E 3

Cancer
Risk

21E9
21E9

tsp^^Risks xls Site Woricer-dermal CTE ^^ 8/21/20M 11 44 AM



Attachment A-11-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
FlfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254

CS
035

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc

1 825

AT Rfnc oral

25 550 2 OE 05
SFora,

1
Total

Hazard
Index
86E 3
86E3

Cancer
Risk

1 2E 8
1 2E8

Hotspot 1A Risks xls Site Worker oral CTE 8/21/2003 11 44 AM



Attachment A-11-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

' Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 108 kg/mg)

I 2
AD = Adherence Factor for Soil (mg/cm )
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254

CS
035

CF
1E6

AD AB
03 014

SA EF
3300 12

ED
30

BW
70

ATnc ATC

10950 25550

RfDoral

20E05

SForal

2
Total

Hazard
Index
1 1E 3
1 1E3

Cancer
Risk

20E 8
20E8

Hots^M Risks xls Trespasser-dermal RME ^^ 8/21/2^3 11 44 AM



Attachment A-11-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254

CS
035

CF
1E6

IR
100

EF
12

ED
30

BW
70

ATnc ATC

10950 25550
RfDora,
20E05

SFora)

2
Total

Hazard
Index
82E 4
82E4

Cancer
Risk

1 4E 8
1 4E8

Hotspot 1A Risks xls Trespasser-oral RME 8/21/2003 11 44 AM



Attachment A-1 1-1 2
Current Trespasser/Site Visitor

-Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1 A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)

! ' I 2 I I
AD = Adherence Factor for Soil (mg/cm )
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
PCB 1254

CS
035

CF
1E6

AD AB
004 014

SA EF
2000 6

ED
9

BW
70

ATnc ATC

3285 25550
RfDora,

20E05
SFora|

1

Total

Hazard
Index
46E5
46E5

Cancer
Risk

1 2E 10
1 2E 10

HotspotlA Risks xls Trespasser dermal CTE 8/21/2003 11 44 AM



Attachment A-11-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora: = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCS 1254

CS
035

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATnc ATC

3 285 25 550
RfDora,

20E05

SForal

1
Total

Hazard
Index
2 1E4
2 1 E 4

Cancer
Risk

53E 10
53E 10

Hotspot 1A Risks xls Trespasser oral CTE 8/21/2003 11 44 AM



Attachment A-11 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED^/faW^ AT^ RfD ra,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchiw = Surface Area of Exposed Skin for a Child (cm2/day)
SAad I, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDChnd = Exposure Duration for a Child (years)
ED d it = Exposure Duration for an Adult (years)
BWcwid = Body Weight for a Child (kg)
BWad i, = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D raj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((SA^ EDMa/B\NMM)+(SA d „ ED d ,,/BWad ,t)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless) '
AT = Averaging Time for Carcinogens (days) >
SF<,rai = Oral Cancer Slope Factor (mg/kg/day) 1

Hazard
^H EF ED MM EDd|, BWh,|d BW d „ AT AT RfD , SF , Index
300 350 6 24 15 70 2190 25550 2 OE 05 2 9 OE 2

Tnlol Q nC O

.._. _ Cancer
Chemical CS CF AD AB SA^ SA „,, EF ED „,,,, ED „,, BW hnd BW d „ AT AT RfD , SF , Index Risk

PCB1254 035 1E6 03 014 1913 3300 350 6 24 15 70 2190 25550 2 OE 05 2 9 OE 2 7 6E 7
Total 9 OE 2 7 6E 7

HotspgMMisks xls Resident dermal RME ^^ 9/UU003 9 08 AM



Attachment A- 11 -15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1 A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF EDMd)/(B\NchM AT^ RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED Md = Exposure Duration for a Child (years)
EDadu,t = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BWadU|, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)

= Soil Ingestion Rate for a Child (mg/day)
'Had it = Soil Ingestion Rate for an Adult (mg/day)
R,Dora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IR ,̂,, ED^^/aW h,,d)+(IRad lt EDad tt/BWad N)))/(ATC)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora! = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
PCB 1254

CS
035

CF
1E6

IRchlld IRad It

200 100

EF
350

EDchlld

6

EDodult

24
BW hlld

15
BWadult ATne ATe RfDoral

70 2190 25550 2 OE 05

SFoal

2
Total

Hazard
Index
22E 1
22E 1

Cancer
Risk

1 1E 6
1 1E6

Hotspot 1A Risks xls Resident oral RME 8/21/2003 11 44 AM



Attachment A-11 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED hlld)/(BWchlld ATTC RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) ,
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAcwio = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cmz/day)
EF = Exposure Frequency (days/year)
EDchud = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BW h!d = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
RiD ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „, ((SA^ ED^BW^WSA „ „ EDad ,,/BW „ ,,)))/(AT )
(cancer nsk assumes child + adult exposure)

i Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
PCB 1254

Hazard
CS CF AD AB SAchud SA „ „ EF ED hlld ED „ „ BW „„„ BW „ „ AT AT RfD , SF , Index
035 1E6 004 014 1440 2000 350 6 3 15 70 2190 25550 2 OE 05 1 9 OE 3

Total 9 OE 3

Cancer
Risk

1 8E8
18E8

so^^Rlsks xls Resident dermal CTE 8/2UM03 11 44 AM



Attachment A 11 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1 A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFUw EF EDc^/(B\NMd ATK RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchW = Exposure Duration for a Child (years)
EDadun = Exposure Duration for an Adult (years)
BWchu = Body Weight for a Child (kg)
BWaaui, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
|Rchid = Soil Ingestion Rate for a Child (mg/day)
IRaduit = Soil Ingestion Rate for an Adult (mg/day)
RfDora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFoal «IRchltl

(cancer risk assumes child + adult exposure)
d „ ,,/BWad ,,)))/(AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ,31 = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
PCB 1254

CS
035

CF
1E6

IR hiid
100

l R d «
50

EF
350

ED h,,d
6

EDd l t

3

BWhIld BW d l l

15 70

AT

2190

AT RfnMie niu rai

25 550 2 OE 05

Hazard
SF rei Index

1 1 1E 1
Total 1 1E 1

Cancer
Risk

20E7
20E7

Hotspot 1 A Risks xls Resident oral CTE 8/21/2003 1 1 44 AM



Attachment A-11-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 1A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri
1

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker
Dermal
Ingestion
Total

00012
00021
00032

0018
0014
0031

95E 11
1 7E 10
27E 10

58E9
46E9
1 OE8

Future Industrial/Commercial Worker

Current

Dermal
Ingestion
Total

Trespasser/Site Visitor
Dermal
Ingestion
Total

00014
00086
0010

0 000046
0 00021
0 00025

0016
0017
0033

00011
0 00082
00020

21E9
1 2E8
1 4E8

1 2E 10
53E 10
65E10

23E7
24E7
47E7

20E8
1 4E8
34E8

Hypothetical Future Resident
Dermal
Ingestion
Total

00090
011
012

0090
022
031

1 8E8
20E7
22E7

76E7
1 1E6
1 9E6

Hotspot 1A Risks xls Risk Summary 8/21/2003 11 44 AM



Attachment A 12 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot 1B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Hotspot 1B Surface Soil 0-0 5 feet BGS)
Dermal

Absorption
(unitless)

fol

Chromium
Copper
3enzo(a)anthracene
Benzo(a)pyrene
Benzo(b)>luoranthene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

lndeno(1 2 3 cd)pyrene

Hotspot 1B Combined Surface and Subsurface Soli (0-10 feet BGS)
Chronic
RfDOT,

(mg/kg day)

Dermal
Absorption
(unitless)

SF,,,
(mg/kg day)1

m
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

20E-02
40E-02

NTV
NTV
NTV

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

IndenoU 2 3 cd)pyrene

NE Not evaluated quantitatively
NTV No toxicity value

Holspol IB R sks xls Data 9/10/2003 655 AM



Attachment A-12 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfDo.a,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

, CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (tng/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm*/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Do,ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF a,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFofg, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
339
640
096
071
099
017
1 4

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09
09

AB
0
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550

RfDoral

20E02
40E02

NTV
NTV
NTV
NTV
NTV

SForat

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

91E9
67E8
94E9
1 6E8
1 3E8
1 1E7

HotspotJ^Jlsks xls Excavation Worker dermal RME>o^̂ la B/21/20D3 11 36AM



Attachment A-12-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT e RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATp,. = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
339
640
096
071
099
017
1 4

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330

EF
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550

RfDral

20E02
40E02

NTV
NTV
NTV
NTV
NTV

SF „,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
57E3
5 4 E 2

NA
NA
NA
NA
NA

60E2

Cancer
Risk
NA
NA

78E 9
57E8
80E9
1 4E8
1 1E8
98E8

Hotspot 1B Risks xls Excavation Worker-oral RME 8/21/2003 11 36AM



Attachment A-12 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10s kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

'' ' AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATra = Averaging Time for Non Carcinogens (days)
RiD ,3, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF J/fBW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cdjpyrene

! CS
255
221
046
031
047
0084
026

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02
02

AB
0
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT
42
42
42
42
42
42
42

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E02
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

29E 10
20E9
30E 10
53E10
1 7E 10
33E9

Hotspi isks xls Exca atlon Worker dermal CTE 8/21/2003 11 36AM



Attachment A-12-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT,*, RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 X10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
R(D nj| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
255
221
046
031
047

0084
026

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

ATnc

42
42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550
25550

RfDora,

20E02
40E02

NTV
NTV
NTV
NTV
NTV

SFoal

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 3E 3
56E3

NA
NA
NA
NA
NA

69E3

Cancer
Risk
NA
NA

56E 10
38E9
58E 10
1 OE9

32E 10
63E9

Hotspot 18 Risks xls Excavation Worker oral CTE 8/21/2003 11 36AM



Attachment A 12 6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTO RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg) (

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ̂ /(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
46

1260
1 7
1 2
1 7

029
07

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020
020
020

AB
0
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT
9125
9125
9125
9125
9125
9125
9125

ATe

25550
25550
25550
25550
25550
25550
25550

RfD ,

30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

37E7
26E6
37E7
63E7
1 5E7
42E6

sp^ABulisks xls Site Worker dermal RME 8/2 11 36 AM



Attachment A-12-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDora))

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF aj = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
46

1260
1 7
1 2
1 7

029
07

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT e

9125
9125
9125
9125
9 125
9125
9125

ATC

25550
25550
25550
25550
25550
25550
25550

RfDoal

30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Hazard
Index
1 5E2
3 1 E 2

NA
NA
NA
NA
NA

Cancer
Risk
NA
NA

4 3 E 7
31E6
4 3 E 7
74E7
1 8E7

Total 4 6E 2 4 8E 6

Hotspot 1B Risks xls Site Worker oral RME 8/21/2003 11 36AM



Attachment A-12 8
Future Industrial/Commercial Worker

— Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiD ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ,ai)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
335
638
1 21
087
1 2

019
049

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003
003
003

AB
0
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

AT
1 825
1 825
1 825
1 825
1 825
1 825
1 825

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
' Risk

NA
NA

48E9
34E8
48E9
76E9
20E9
54E8

HotspoUABisk!:sx)s Site Worker dermal CTE 8/21/^3 11 36 AM



Attachment A-12-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT RfD #)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDoraj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF0 al)/(B\N AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
335
638
1 21
087
1 2

019
049

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

A T C

1 825
1 825
1 825
1 825
1 825
1 825
1 825

ATe

25550
25550
25550
25550
25550
25550
25550

RfDoa,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
55E3
78E3

NA
NA
NA
NA
NA

1 3E2

Cancer
Risk
NA
NA

31E8
22E7
31E8
48E8
1 3E8
34E7

Hotspot 18 Risks xls Site Worker-oral CTE 8/21/2003 11 36AM



Attachment A-12-10
Current Trespasser/Site Visitor

Estimated Jltisk tor Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 ,x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless) '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D ra] = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra,)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
46

1260
1 7
1 2
1 7

029
07

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03

AB
0
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

AT
10950
10950
10950
10950
10950
10950
10950

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

32E8
23E7
32E8
55E8
1 3E8
36E7

HotspojAHilisks xls T espasser de mal RME 8/21 11 36 AM



Attachment A-12-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration tor an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
46

1260
1 7
1 2
1 7

029
07

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

ATne

10950
10950
10950
10950
10950
10950
10950

ATC

25550
25550
25550
25550
25550
25550
25550

RfDoa,

30E03
40E02

NTV
NTV
NTV
NTV
NTV

SForai

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
72E4
1 5E3

NA
NA
NA
NA
NA

22E3

Cancer
Risk
NA
NA

25E8
1 8E7
25E8
4 3 E 8
1 OE8
28E7

Hotspot 1B Risks xls Trespasser oral RME 8/21/2003 11 36 AM



Attachment A-12 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCsD-(f5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10* kg/mg)
AD = Adherence Factor (or Soil (mg/cm2) i
AB = Absorbed Fraction (unitless) i
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ral)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
335
638
1 21
087
1 2

019
049

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004

AB
0
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9

1 BW
70
70
70
70
70
70
70

AT
3285
3285
3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550
25550
25550

RfD, ,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF0 ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

28E 10
20E9
28E 10
44E 10
1 1E 10
31E9

Hotspi isksxls Trespassa dermal CTE 8/21/2M3 11 36 AM



Attachment A-12-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
335
638
1 21
087
1 2

019
049

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70

AT e

3285
3285
3285
3285
3285
3285
3285

ATe

25550
25550
25550
25550
25550
25550
25550

RfDoal

30E 03
40E02

NTV
NTV
NTV
NTV
NTV

SFoal

NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 3E4
1 9E4

NA
NA
NA
NA
NA

32E4

Cancer
Risk
NA
NA

1 3E9
95E9
1 3E9
21E9
54E 10
1 5E8

Hotspot 1B Risks xls Trespasser-oral CTE 8/21/2003 11 36AM



Attachment A 12 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
~ COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED hyd)/(BW u AT RfD ra)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA^ = Surface Area of Exposed Skin for a Child (cm2/day)
SA.d i, a Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hid = Exposure Duration for a Child (years)
ED d n = Exposure Duration for an Adult (years)
BW u,, = Body Weight for a Child (kg)
BW d |, = Body Weight for an Adult (kg)
ATn,, = Averaging Time for Non Carcinogens (days)
R|D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „, ((SA^ ED
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SF | = Oral Cancer Slope Factor (mg/kg/day) '

, ED J))/(AT )

Chemical
Chromium
Copper
Benzo(a)anlhracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
46

1260
1 7
1 2
1 7

029
07

CF
1E-6
1E-6
1E-6
1E-6
1E-6
1E6
1E6

AD
03
03
03
03
03
03
03

AB
0
0

013
013
013
013
013

SAohiu SA.d n EF ED hild

1 913
1 913
1 913
1 913
1913
1 913
1 913

3300
3300
3300
3300
3300
3300
3300

350
350
350
350
350
350
350

6
6
6
6
6
6
6

EDdl l

24
24
24
24
24
24
24

BWhlld

15
15
15
15
15
15
15

BW d r t AT,.,
70
70
70
70
70
70
70

2190
2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RfD,.,
30E-03
40E-02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

0
0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

1 3E6
89E 6
1 3E6
21E6
52E 7
1 4E 5

Hotspot̂ t̂ekiiks xls Resident-dermal RME 8/̂ ^03 11 36 AM



Attachment A 12 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1 B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI - (CS CF IR-™ EF ED,* ̂ /(BW^ a AJK RfD a)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchik, = Exposure Duration for a Child (years)
ED Dun = Exposure Duration for an Adult (years)
BW Wid = Body Weight for a Child (kg)
BW du,, = Body Weight for an Adult (kg)
AT^ = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchw = Soil Ingestion Rate for a Child (mg/day)
IR ,,,,1, = Soil Ingestion Rate for an Adult (mg/day)
RA>rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF hld)+{IR a „ ED lt)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3-cd)pyrene

CS
46

1260
1 7
12
1 7

029
07

CF
1E-6
1E-6
1E-6
1E-6
1E6
1E6
1E-6

I" hlld

200
200
200
200
200
200
200

IRd,,
100
100
100
100
100
100
100

EF
350
350
350
350
350
350
350

EDHld

6
6
6
6
6
6
6

EDdult

24
24
24
24
24
24
24

BW hlld

15
15
15
15
15
15
15

BW d l t AT^
70
70
70
70
70
70
70

2 190
2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SF ,
NTV
NTV

73E-01
73E+00
73E-01
73E+00
73E-01

Hazard
Index
20E 1
40E 1

NA
NA
NA
NA
NA

Cancer
Risk
NA
NA

1 9E6
1 4E5
1 9E6
33E6
80E7

Total 6 OE 1 2 2E 5

Hotspot 1B Risks xls Resident-oral RME 8/21/2003 11 36 AM



Attachment A 12 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
~COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1 B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

RfD „,)Equation 1 HI = (CS CF AD AB SA<.hBd EF ED^/fEW hw AT,,
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchu = Surface Area of Exposed Skin for a Child (cm2/day)
SA,d I, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year) i
EDcMd = Exposure Duration for a Child (years)
ED.4 i = Exposure Duration for an Adult (years)
BW hud = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
AT™. = Averaging Time for Non Carcinogens (days)
RiD „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ,̂ ((SA^ ED hla/BW hid)+(SABd „ ED „ ,/BW „ ,)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF „, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
335
638
1 21
087
1 2

0 19
049

CF
1E-6
1E-6
1E-6
1E-6
1E6
1E-6
1E-6

AD
004
004
004
004
004
004
004

AB
0
0

013
0 13
013
0 13
0 13

SAcHiu

1 440
1 440
1 440
1 440
1 440
1 440
1 440

SA.dl

2000
2000
2000
2000
2000
2000
2000

EF
350
350
350
350
350
350
350

EDwld

6
6
6
6
6
6
6

ED d n

3
3
3
3
3
3
3

BW hlld

15
15
15
15
15
15
15

BW d B AT«

70
70
70
70
70
70
70

2190
2190
2190
2190
2190
2 190
2190

AT

25550
25550
25550
25550
25550
25550
25550

RfD ,
30E-03
40E-02

NTV
NTV
NTV
NTV
NTV

SF,.
NTV
NTV

73E-01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
OOE+0

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA
NA

4 1 E 8
30E 7
4 1E8
65E 8
1 7E8
46E7

Hotspot kg xis Res de t-dermal CTE 8/21/2003 11 36AM



Attachment A 12 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1 B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRch,,,, EF ED h,io)/(BW h,ld AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hud = Exposure Duration for a Child (years)
ED a it = Exposure Duration for an Adult (years)
BW h,|d = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
AT^ = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchiw = Soil Ingestion Rate for a Child (mg/day)
IR a it = Soil Ingestion Rate for an Adult (mg/day)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF^ ((IR hla ED hlla/BW hM)+(IR „ „ ED „ ,/BW „ ,,)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Chromium
Copper
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
335
638
1 21
087
12

019
049

CF
1E-6
1E6
1E6
1E-6
1E-6
1E6
1E-6

IR Mid

100
100
100
100
100
100
100

IK*.
50
50
50
50
50
50
50

EF
350
350
350
350
350
350
350

ED hiid
6
6
6
6
6
6
6

EDdult

3
3
3
3
3
3
3

BW hlld

15
15
15
15
15
15
15

BW d l t

70
70
70
70
70
70
70

AT*,
2 190
2190
2 190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RfDra,
30E03
40E02

NTV
NTV
NTV
NTV
NTV

SFral

NTV
NTV

73E-01
73E+00
73E01
73E+00
73E-01

Total

Hazard
Index
7 1E 2
1 OE 1

NA
NA
NA
NA
NA

1 7E 1

Cancer
Risk
NA
NA

5 1E7
36E6
51E7
80E7
21E7
57E6

Hotspot 1B Risks xls Res de t-o al CTE 8/21/2003 11 36 AM



Attachment A-12-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 1B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
00069
00069

0
0013
0013

0
0060
0060

0
0046
0046

33E9
63E9
95E9

54E8
34E7
40E7

1 1E7
98E8
21E7

42E6
48E6
90E6

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
0 00032
0 00032

0
017
017

0
00022
00022

0
060
060

31E9
1 5E8
1 8E8

46E7
57E6
61E6

36E7
28E7
64E7

1 4E5
22E5
36E5

Hotspot 1B Risks xls Risk Summary 8/21/2003 1136AM



Attachment A 13 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

HotspoflC Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 1C Surface Soil (0-0 5 feet BGS

Chemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Dermal
Absorption
(unitless)

Chronic
RfDwal

(mg/kg-day) (mg/kg-day)1 Background
14 2/2 14 1075 003 30E04 1 5 1322

Hotspot 1C Combined Surface and Subsurface Soil (010 feet BGS)

Chemical units
Minimum
Detect

Maximum
Detect

Frequency of
Detection RME CTE

Dermal
Absorption
(unitless)

Chronic
RfDwaI

(mg/kg day)
SFwal

(mg/kg-day)' Background
Arsenic mg/kg 1 5 13.22

yBresenirat'backarouna'levelM
NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 1C Risks xls Data 9/KV2003 849AM



Attachment A-13-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of ̂ hemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days) ,
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
14

CF
1E6

AD AB
09 003

SA EF
3 300 60

ED
1

BW
70

ATnc

84

AT RfD** • c ""'"oral

25 550 3 OE 04
SFora|

1 5E+00
Total

Hazard
Index
42E2
42E2

Cancer
Risk

63E8
63E8

HotspJJt Risks xls Excavation Worker dermal RME ^^ 8/21/̂ ĵ 11 29 AM



Attachment A-13-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
14

CF
1E6

IR
330

EF
60

ED
1

BW
70

ATnc

84

AT RfD .FM c niLSgra|

25 550 3 OE 04
SForal

1 5E+00
Total

Hazard
Index
1 6E 1
1 6E 1

Cancer
Risk

23E 7
2 3 E 7

Hotspot 1C Risks xls Excavation Worker-oral RME 8/21/2003 11 29 AM



Attachment A-13-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg) ,
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
93

CF
1E6

AD AB
02 003

SA EF
2 000 30

ED
1

BW
70

ATnc ATe

42 25 550
RfOoral

30E04
SForai

1 5E+00
Total

Hazard
Index
38E3
38E3

Cancer
Risk

28E9
28E9

Hotspot 1C Risks xls Excavation Worker-dermal CTE 8/21/2003 11 29 AMI00311



Attachment A-13-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(Dora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR*EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
93

CF
1E6

IR
100

EF
30

ED
1

BW
70

ATnc ATC

42 25 550
RfDora.

30E04

SForal

1 5E+00
Total

Hazard
Index
32E 2
32E2

Cancer
Risk

23E 8
23E8

Hotspot 1C Risks xls Excavation Worker oral CTE 8/21/2003 11 29 AM



Attachment A-13-6
Future Industrial/Commercial Worker

— - Estimated Risk-for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
14

CF
1E6

AD AB
020 003

SA EF
3 300 250

ED
25

BW
70

ATnc ATC

9125 25550
RfDoral

30E04
SForal

1 5E+00
Total

Hazard
Index
90E3
90E3

Cancer
Risk

1 5E6
1 5E6

Hotsp^^C Risks xls Site Worker-dermal RME ^^^ 8/21/2^^1. 11 29 AM



Attachment A-13-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
14

CF
1E6

IR
100

EF
250

ED
25

BW
70

ATnc ATC

9125 25550
RfDoral
30E04

SF0ral

1 5E+00
Total

Hazard
Index
46E 2
4 6 E 2

Cancer
Risk

73E 6
73E6

Hotspot 1C Risks xls Site Worker oral RME 8/21/2003 11 29 AM



Attachment A-1 3-8
Future Industrial/Commercial Worker

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1 C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical m Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Arsenic

CS
11

CF
1E6

AD AB
0 03 0 03

SA EF
2000 250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDoral

30E04
SF0rai

1 5E+00
Total

Hazard
Index
6 3 E 4
63E4

Cancer
Risk

20E8
2 0 E 8

Hotspo^£ Risks xls Site Worker dermal CTE ^^ 8/21/20M11 29 AM



Attachment A-13-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDomi = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
11

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDora,
30E04

SForai
1 5E+00

Total

Hazard
Index
1 8E 2
1 8E2

Cancer
Risk

56E 7
56E7

Hotspot 1C Risks xls Site Worker-oral CTE 8/21/2003 11 29 AM



Attachment A-13-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,,, = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
14

CF
1E6

AD AB
03 003

SA EF
3300 12

ED
30

BW
70

ATnc ATC

10950 25550

RfDoral

30E04

SForal

1 5E+00
Total

Hazard
Index
65E4
65E4

Cancer
Risk

1 3E7
1 3E7

Hotsp^^Risks xls Trespasser-dermal RME ^^ 8/21/20M 11 29 AM



Attachment A-13-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
14

CF
1E6

IR
100

EF
12

ED
30

BW
70

ATnc ATC

10950 25550

RfDora,
30E04

SFora|

1 5E+00
Total

Hazard
Index
22E 3
22E3

Cancer
Risk

42E 7
42E7

Hotspot 1C Risks xls Trespasser oral RME 8/21/2003 11 29 AM



Attachment A-13-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless) i'
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED ,SFora|)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

CS
11

CF
1E6

AD AB
0 04 0 03

SA EF
2000 6

ED
9

BW
70

ATnc ATC

3285 25550
RfDoral

30E04
SFora|

1 5E+00
Total

Hazard
Index
20E5
20E5

Cancer
Risk

1 2E9
1 2E 9

Risks xls Trespasser-dermal CTE ^^ 8/21/2003 11 29 AM



Attachment A-13-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Arsenic

CS
11

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATnc ATC

3 285 25 550
RfDoral

30E04

SFora|
1 5E+00

Total

Hazard
Index
42E4
4 2 E 4

Cancer
Risk

24E8
2 4 E 8

Hotspot 1C Risks xls Trespasser-oral CTE 8/21/2003 11 29 AM



Attachment A-13 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
"COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA-™,, EF ED^^B^I^M AT RfD ̂ )
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbedi Fraction (unitless)
SAchii,, = Surface Area of Exposed Skin for a Child (cm2/day)
SA d „ = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDcMd = Exposure Duration for a Child (years)
ED d „ = Exposure Duration for an Adult (years)
BWchiKj = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((S/W, EDctlild/BWcWld)H-(SA „ „ EDad ,/BW d ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Arsenic

Hazard
CS CF AD AB SAehMd SA.d „ EF ED hlld ED „ „ BW „„„ BW „ „ AT AT RfD , SForal Index
14 1E6 03 003 1913 3300 350 6 24 15 70 2190 25550 3 OE 04 1 5E+00 005136274

Total 5 1 E 2

Cancer
Risk

4 9 E 6
49E6

Hotspot̂ Mlsllsks xls Resident dermal RME 21/̂ m 11 29 AM



Attachment A-13-15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR<,h,d EF ED hld)/(BWchld AT RfDoal)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchl|d = Exposure Duration for a Child (years)
ED dui, = Exposure Duration for an Adult (years)
BWchlld = Body Weight for a Child (kg)
BWaduN = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR hl]d = Soil Ingestion Rate for a Child (mg/day)
IR d N = Soil Ingestion Rate for an Adult (mg/day)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRcMd EDchld/BWchld)+(IRad „ EDadult/BW d ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical CS CF nun IR d it EF ED d it BWad ,t AT c ATC Rf Dorai SF0 „,
Hazard
index

Cancer
Risk

24 15 70 2190 25550 30E04 1 5E+00
Total

6 OE 1 3 3E 5
6 OE 1 3 3E 5

Hotspot 1 C Risks xls Resident-oral RME 8/21/2003 1 1 29 AM



Attachment A-1 3 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0 0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1 C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB EF AT c RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

iAB = Absorbed Fraction (unitless)
SA-nid = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchlid = Exposure Duration for a Child (years)
EDad it = Exposure Duration for an Adult (years)
BW^d = Body Weight for a Child (kg)
BW d N = Body Weight for an Adult (kg)
AT,,,- = Averaging Time for Non Carcinogens (days)
RiDora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „,
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF i = Oral Cancer Slope Factor (mg/kg/day) 1

ad „ ED „ ,,/BW d ,,)))/(AT

Chemical
Arsenic

CS
11

CF
1E6

AD AB
0 04 0 03

SAchnd SA d ii EF 1
1 440 2 000 350

EDehHd ED d it
6 3

BWhlld BWd l ,
15 70

AT AT
2190 25550

RfD ,
30E04

SF ,
1 5E+00

Total

Hazard
Index
40E3
40E3

Cancer
Risk

1 8E7
1 8E7

Hotspot l^fisks xls Resident dermal CTElOt̂ ^S 21/^^ 11 29 AM



Attachment A 13-1 7
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 1C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDchld)/(BWchlld AT RfD *)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hlid = Exposure Duration for a Child (years)
EDaduu = Exposure Duration for an Adult (years)
BWchlld = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRctuid = Soil Ingestion Rate for a Child (mg/day)
IRaduN = Soil Ingestion Rate for an Adult (mg/day)

Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchld EDcM(/BWchld)+(IRadull

(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day) '

.,)))/(ATc)

Chemical
Arsenic

CS CF IR hiid IR d it EF EDeh,id EDad „ BWehHd BW „ „ AT AT RfD „, SF ral

11 1E6 100 50 350 6 3 15 70 2190 25550 3 OE 04 1 5E+00
Total

Hazard
Index
23E 1
23E 1

Cancer
Risk

93E 6
93E6

Hotspot 1C Risks xls Resident oral CTE 8/21/2003 1129AM



Attachment A-13-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

t Hotspot 1C Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

—
Hazard

CTE
Index

RME
Cancer

CTE
Risk

RME

Future Excavation/Construction Worker
' Dermal
, Ingestion

Total

00038
0032
0035

0042
016
020

28E9
23E8
26E8

63E8
23E7
30E7

Future Industrial/Commercial Worker

Current

1 Dermal
Ingestion
Total

Trespasser/Site Visitor
Dermal
Ingestion

t Total

0 00063
0018
0018

0 000020
0 00042
0 00044

00090
0046
0055

0 00065
00022
00028

20E8
56E7
58E7

1 2E9
24E8
26E8

1 5E6
73E6
88E6

1 3E7
42E7
55E7

Hypothetical Future Resident
Dermal
Ingestion
Total

00040
023
023

0051
060
065

1 8E7
93E-&
95E6

49E6
33E5
38E5

Hotspot 1C Risks xls Risk Summary 8/21/2003 1129AM



Attachment A 14 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot 2 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Hotspot 2 Surface Soil (0-0 5 feet BGS)

Hotspot 2 Combined Surface and Subsurface Soil (0-10 feet BGS)

Lead has no RID or SF and is evaluated separately
The RfD lor PCB-1254 was used to evaluate PCB 1248

NE Not evaluated quantitatively
NTV No toxicity value

IRIS recommends using a slope (actor of 2 0 for RME and 1 0 for CTE

Holspot 2 Risks xts D t »10/2003 900AM



Attachment A-14-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion Factor (1 x 10 6 kg/mg) i1

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days) }

SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000089

1 1

CF
1E6
1E6

AD AB
09 003
09 014

SA EF
3 300 60
3 300 60

ED
1
1

BW
70
70

ATnc

84
84

ATC RfDoral

25 550 NTV
25 550 5 OE 05

SForai
1 5E+05
2 OE+00

Total

Hazard
Index

NA
93E2
93E2

Cancer
Risk

4 0 E 8
31E8
71E8

Hotsi Bisks xls Excavation Worker dermal RME 8/26/j 433PM



Attachment A-14-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxin TEQ
PCB 1248

CS
0 000089

1 1

CF
1E6
1E6

IR
330
330

EF
60
60

ED
1
1

BW
70
70

ATnc ATC

84 25 550
84 25 550

RfDora|

NTV
50E05

SFora|

1 5E+05
2 OE+00

Total

Hazard
Index

NA
74E2
74E2

Cancer
Risk

1 5E 7
24E8
1 7E7

Hotspot 2 Risks xls Excavation Worker oral RME 8/26/2003 4 33 PM



Attachment A-14-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATTC = Averaging Time for Non Carcinogens (days)
RfDoral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000060

056

CF
1E6
1E6

AD AB
02 003
02 014

SA EF
2 000 30
2 000 30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfDora,
NTV

50E05

SForal

1 5E+05
1 OE+00

Total

Hazard
Index

NA
64E3
64E3

Cancer
Risk

1 8E9
53E 10
23E9

HotSR^2FRisks xls Excavation Worker dermal CTE 8/26/2003 433PM



Attachment A-14-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxin TEQ
PCB 1248

CS
0 000060

056

CF
1E6
1E6

IR
100
100

EF
30
30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfDora,
NTV

50E05

SFora|

1 5E+05
1 OE+00

Total

Hazard
Index

NA
1 1E2
1 1E2

Cancer
Risk

1 5E8
94E 10
1 6E8

Hotspot 2 Risks xls Excavation Worker oral CTE 8/26/2003 433PM



Attachment A- 14-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) ,
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATno = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000090

24

CF
1E6
1E6

AD AB
020 003
020 014

SA EF
3 300 250
3300 250

ED
25
25

BW
70
70

ATnc ATC

9 125 25 550
9125 25550

RfDora,

NTV
20E05

SFora|
1 5E+05
2 OE+00

Total

Hazard
Index

NA
1 1E1
1 1E 1

Cancer
Risk

93E7
1 5E6
25E6

Hotst̂ ^FRisks xls Site Worker dermal RME 8/26^^3 433PM



Attachment A-14-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000090

24

CF
1E6
1E6

IR
100
100

EF
250
250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

RfDoral
NTV

20E05

SForai
1 5E+05
2 OE+00

Total

Hazard
Index

NA
1 2E 1
1 2E 1

Cancer
Risk

47E6
1 7E6
64E6

Hotspot 2 Risks xls Site Worker oral RME 8/26/2003 4 33 PM



Attachment A-14-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000060

1 2

CF
1E6
1E6

AD AB
0 03 0 03
003 014

SA EF
2 000 250
2000 250

ED
5
5

BW
70
70

ATne ATC

1 825 25 550
1 825 25 550

RfDora,

NTV
20E05

SForal

1 5E+05
1 OE+00

Total

Hazard
Index

NA
49E3
49E3

Cancer
Risk

1 1E8
70E9
1 8E8

Hotsi Risks xls Site Worker-dermal CTE 8/26^^ 433PM



Attachment A-14-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000060

1 2

CF
1E6
1E6

IR
50
50

EF
250
250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

NTV
20E05

SFoal

1 5E+05
1 OE+00

Total

Hazard
Index

NA
29E2
29E2

Cancer
Risk

31E7
42E8
36E7

Hotspot 2 Risks xls Site Worker oral CTE 8/26/2003 4 33 PM



Attachment A-14-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000090

24

CF
1E6
1E6

AD AB
03 003
03 014

SA EF
3300 12
3300 12

ED
30
30

BW
70
70

ATne ATC

10950 25550
10950 25550

RfDoral

NTV
20E05

SForal

1 5E+05
2 OE+00

Total

Hazard
Index

NA
78E3
78E3

Cancer
Risk

81E8
1 3E7
21E7

Risks xls Trespasser-dermal RME 8/26/2D03 433PM



Attachment A-14-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000090

24

CF
1E6
1E6

IR
100
100

EF
12
12

ED
30
30

BW
70
70

ATnc ATC

10950 25550
10950 25550

RfDoral

NTV
20E05

SFora)

1 5E+05
2 OE+00

Total

Hazard
Index

NA
56E3
56E3

Cancer
Risk

27E7
97E8
37E7

Hotspot 2 Risks xls Trespasser oral RME 8/26/2003 4 33 PM



Attachment A-14-12
Current Trespasser/Site Visitor

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg) (

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnj. = Averaging Time for Non Carcinogens (days)
RfD<,rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

'Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxin TEQ
PCB 1248

CS
0 000060

1 2

CF
1E6
1E6

AD AB
0 04 0 03
004 014

SA EF
2000 6
2000 6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3285 25550

RfDora,

NTV
20E05

SForal

1 5E+05
1 OE+00

Total

Hazard
Index

NA
1 6E4
1 6E4

Cancer
Risk

65E 10
41E 10
1 1E9

Risks xls Trespasser dermal CTE 8/26/2003 4 33 PM



Attachment A-14-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000060

1 2

CF
1E6
1E6

IR
50
50

EF
6
6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3 285 25 550

RfDora,

NTV
20E05

SFonJ|
1 5E+05
1 OE+00

Total

Hazard
Index

NA
70E4
70E4

Cancer
Risk

1 4E 8
1 8E9
1 5E8

Hotspot 2 Risks xis Trespasser-oral CTE 8/26/2003 4 33 PM



Attachment A-14 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF EDC

(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchiuj = Surface Area of Exposed Skin for a Child (cm2/day)
SA d |, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchkj = Exposure Duration for a Child (years)
ED d |, = Exposure Duration for an Adult (years)
BW hlld = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ral ((SA-™
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

„ „ ED d ,,/BW d ,,)))/(AT )

Chemical
Dioxin TEQ
PCB 1248

CS
0 000090

24

CF
1E6
1E6

AD
03
03

AB SA hlld

003 1913
014 1913

SA d l t EF
3 300 350
3 300 350

ED hlld ED a |,
6 24
6 24

BWehild BW d l t

15 70
15 70

AT AT
2190 25550
2190 25550

RfD™,
NTV

20E05

Hazard
SF „, Index

1 5E+05 NA
20E+00 061635288

Total 6 2E 1

Cancer
Risk

32E6
52E6
84E6

Hotsi sks xls Resident dermal RME !003 4 33 PM



Attachment A-1 4-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFU, EF ED^/fEW ^ AT^ RfDoal)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchld = Exposure Duration for a Child (years)
EDaduit = Exposure Duration for an Adult (years)
BWch|d = Body Weight for a Child (kg)
BWaui, = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRcMd = Soil Ingestion Rate for a Child (mg/day)
'Ran ii = Soil Ingestion Rate for an Adult (mg/day)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF & ((\f(Ma EDchld/BWchld)+(IR d „ EDad ,/BWad ,,)))/(AT
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Dioxm TEQ
PCB 1248

CS
0 000090

24

CF
1E6
1E6

IRchlld

200
200

IR d it
100
100

EF
350
350

ED hiid
6
6

ED dull

24
24

BWehlld BW d l t

15 70
15 70

AT ATe RfDoral SFral

2190 25550 NTV 1 5E+05
2190 25550 2 OE 05 2 OE+00

Total

Hazard
Index

NA
1 5E+0
1 5E+0

Cancer
Risk

21E5
75E6
29E5

Hotspot 2 Risks xls Resident-oral RME 8/26/2003 4 33 PM



Attachment A-14 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfDEquation 1 HI = (CS CF AD AB SA-hlld EF ED^MB^/cM AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAd^ = Surface Area of Exposed Skin for a Child (cm2/day)
SA a i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchiid = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BWcww = Body Weight for a Child (kg)
BW d |, = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R|D ,31 = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ̂  ((SA^ ED^o/BW hild)+(SA d,
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ra! = Oral Cancer Slope Factor (mg/kg/day)1

ED „ ,,/BW „ ,,)))/(ATc)

Chemical CS CF AD AB SAhlld SA „ „ EF BWd ; , AT AT RfD , SF
Hazard Cancer
Index Risk

Dioxm TEQ
PCB 1248

0 000060
12

1E6
1E6

0 04 0 03 1 440 2 000 350
004 014 1440 2000 350

6
6

3
3

15
15

70
70

2190 25550
2190 25550

NTV
20E05

1 5E+05 NA
1 OE+00 3 1 E 2

Total 3 1 E 2

98E8
61E8
1 6E7

ts|̂ ksiks xls Res dent dermal CTE :003 4 33 PM



Attachment A-14 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 2 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF EDchld)/(BWchld AT c RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchiid = Exposure Duration for a Child (years)
ED dm, = Exposure Duration for an Adult (years)
BW h ,d = Body Weight for a Child (kg)
BWaa „ = Body Weight for an Adult (kg)
AT™; = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xtO"6 kg/mg)
IRchiid = Soil Ingestion Rate for a Child (mg/day)
IRad it = Soil Ingestion Rate for an Adult (mg/day)
RiDoraJ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchkJ EDchld/BWchld)+(IRad „ EDadul/BWad ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF a, = Oral Cancer Slope Factor (mg/kg/day)1

Hazard Cancer
Chemical_______CS_____CF IR hiid 'R d n EF ED hMJ ED „ » BWchi,d BW d ,, AT e ATe RfD „, SF „, Index_____Risk

Dioxm TEQ
PCB 1248

0 000060
1 2

1E6
1E6

100
100

50
50

350
350

6
6

3
3

15
15

70
70

2190
2190

25550
25550

NTV
20E05

1 5E+05
1 OE+00

Total

NA
38E1
38E1

52E6
69E7
59E6

Hotspot 2 Risks xls Resident oral CTE 8/26/2003 4 33 PM



Attachment A-14-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 2 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

I

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

i

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

00064
0011
0018

00049
0029
0034

0093
0074
017

011
012
023

23E9
1 6E8
1 8E8

1 8E8
36E7
37E7

71E8
1 7E7
24E7

25E6
64E6
89E6

Current Trespasser/Site Visitor1

t

Hypothetical Future Resident
'

Dermal
Ingestion
Total

Dermal
Ingestion
Total

000016
0 00070
0 00086

0031
038
041

00078
00056
0013

062
1 5
22

1 1E9
1 5E8
1 6E8

1 6E7
59E6
60E6

21E7
37E7
58E7

84E6
29E5
37E5

Hotspot 2 Risks xls Risk Summary 8/26/2003 433PM



Attachment A-14-19
Excavation Worker Building 2 Hotspot

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w W kgroup f Lead Adult Lead Committee

V rsl d t 05/19/03

i r : ;I^333saDpa' ,Ir 'v^tSaafe
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Attachment A-14 20
Excavation Worker Building 2 Hotspot

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re 1 w W kgro p r Lead Ad It Lead Commute

V rsl date 05/19/03
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Attachment A-14 21
Site Worker Building 2 Hotspot

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Review W rkgro p for Lead Adult Lead Committee

V rslon date 05/19/03
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KGSDlQBomli

800
09
04

2 18
153

0050
10
07

012
219
365

16

5.3

100

077

ScSnahSHHB
uftSoaBgB
•GSDlDH"tl

800
09
04

2 18
153

0050
10
07
0 12
219
365

16
5J

100
077

Equatl 1 based Eq 1 2 I USEPA (1996)
PbB „] = (PbS BKSF IR AF EF /AT ) + PbB

PbB ui. 5 = PbB^i, (GSD, * R)

Eq 11 2 alt rn te ppro h based Eq 1 2 and A 19 I USEPA (1996)

PbB „,», =
PbB i,as. s =

PbS BKSF*([(IR D) AF EF, W ]+[K D (K

PbB^,,, (GSD, "

s. ) (I W ) AFD EF JV365+PbB
3 R)

S rce U.S EPA (1996) R comm d U n> rth Technical R v l w W k g p f Lt d
r I terlmApp achloAsstal jRlskJAssod tedwIUiAd It Exposure] to L dl S II Pri ttd 03/15/2004 4 02PM



Attachment A 14 22
Site Worker Building 2 Hotspot
Reasonable Maximum Exposure

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w W kg p f L ad Ad It Le d C mmltlce

V rsl d t 05/19/03

iis«BaB»MiiiKbBMiiB»aiBHBaBa§aaî
|fiMlS^Sur8BHii2BltBjpî ^™™''̂ ^™^ '̂*'̂ ^™™^^^™™™''™^^^™flBBIiy!kfl̂ ^
lIlSl&aî l3Wli||fl3{|t2L |̂|EailWl̂

PbS
p** ul/matenul

BKSF

GSD,
PbB0

IRs
^*^S+D
W

KSD
AFSD

EFS.D
ATS.D

t ys£bB^
"PbB*iM7

PbB
P(PbB, u > JbBJ

X
X
X

X
X
X

X
X
X

X
X
X !

X
X

X
X
X
X
X

X

S ill ad ce tra
F ul/m temal PbB ra
B ki u SI peF I

1 1
Geom tn tandard d u PbB
Bas 1 e PbB
S U gesu rate ( 1 di g 1 de d d dust)
T tal ges rate f tdoo 1 and doo d t
W gh g facto fracti fIR gestedas Id sol
Mass fracti f so 1 dust
Ab rpu f act (sam f 1 and d )
E DO re freq y ( am f 1 and dust)
A raging tun ( am f 1 and d I)

PbB fad Itw rk geom trl mea

95th pent tile PbB am nj f fuse f dull w kers

T r g t P b B I 1 fco cem(e.g 10 g/dL)

Pr b blllty th t f tal PbB PbB assuml g 1 gn rmal dlstnb U

g/g ppm

g/dLpe
g/dy

E/dL
g/dy
g /dy

days/y
d ysly

g/dL

g/dL

g/dL

%

800
09
04

218
153

0100

012
250
365

18
58

100

107

800
09
04

2 18
153

0100

012
250
365

IS
58

100

107

800
09
04

218
153

0100
10
07
012
250
365

18
58

100
107

800
09
04 1

2 18
153

0100
10
07
012
250
365

18
58

100
ior

Eq li 1 docs t pporti pas re bciwee I and d gesu < 1 des W K )
Wh IRj IR d W 10 ih eq u ns y Id in am

Equatl 1 b d Eq 1 21 USEPA (1996)

PbB M =
PbB „, „ =

(PbS BKSF IR AF EF /AT ) + PbB

PbB,, | (GSD, " R)

Equatl n 2 Itcrnate pproach based Eq 1 2 and A 19 I USEPA (1996)

PbB
PbBrMj

^ = PbS BKSF*([(TRS ) AF EFS W

095 = PbB^,

]+[K (FR ) (1 W ) AF EFD])/365+PbB

„ (GSD, w R)

S ct US EPA (199S) Rec nun d U IB fth Technical R I wW kgr pf U d
f JMkP App ch to Assess! g Risk! Assocl ltd with Ad It Exposu es to Le d I S II 1/15/2004 4 02PM



Attachment A 14-23
Trespasser Building 2 Hotspot

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w W kgroup fo Lead Ad II Lead C mmlttee

V rsion date 05/19/03
I J

Eq U 1 doe t app ru
WhenIR IRj. andW

Equatl n 1 based Eq

PbB M =
PbB „,, 5 =

p re betwee 1 and dust ing ( 1 des W K )
l O t h e q t n s y l d t h am PbB,

1 21 USEPA (1996)
(PbS BKSF IRj. AF EF /AT D) + PbB

PbB., „ (GSD, M R)

Equatl 2 It m t ppro ch based Eq 1 2 d A 19 1 USEPA (19%)

PbB dul =
PbB „,, 3 =

S ce U S EPA (1996) R comm
t I terlmApp chtoAssessI g

PbS BKSF ([(FRs. ) AF EF WS]+[K (K „) (1 W ) AF EFD])/365 PbB

PbB.*,, (GSD," R)

d d ns fth Technical R l w W k g p f Lt d
Risks Assod ted with Ad It Expos res to L d 1 S 1

;:• '••••-.-:.. ' . ; . ' G5G3 j . • ' . • ' .' " " . ' • : • • ' ' ' • " ' ' . - • ':" '
.•''•'*•' OSjjEESK-' ' njsmtftoif .j ' ..• . - • ' • • • , : - . ••- : . ''.-,' ,

! •,v."s3feE8ifilfe fi°'!l-a»-1 :•. .'- !1terthffi.]T>ol?n»»isHnr!.flN<W5ftiS\...'- •• - -:HBrlta.
PbS

RtulAimmul

BKSF

GSD
PbB0

IRs
IRs*D
ws
"SD

AFS,D
EFs,D
ATS.D

WttMl

PbBfctal, ^5

PbB

P(PbB ul>PbBl)

X
X
X

X
X

X

X
X
X

X
X
X

X
X

X
X
X
X
X
X

S il lead ce trab
Fetal/m lemal PbB rail
B kin U SI pe Fact

Geom tn tandard d U PbB
Basel PbB
S d gesu rate ( 1 dl g l-d ed ind dus )
T tal gest tale f id il and d dun
W ghting facto fracu f IR^ 1 gested as tdoo )
Massfacu f 1 dust
Absorpu fracu (sam f so 1 and dus )
Expo re frcq y ( am f il and dus )
A crag g um ( am f U and dust)

PbB fad Itw rk geometri mean

95th p ce til PbB am ngf tusej f adult w rkers

T g I P t a B I 1 r co urn Ce.fi 10 g/dL)

Pr b blUty that f tal PbB PbB assumi g 1 gn rmal distrib U

g/g ppm

g/dLper
g /dy

g/dL
6/day
g/dy

_
_
_

d ys/yr
d ys/yr

g/dL

g/dL

g/dL

%

EGSDtnHonti
800
09
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2 18
153

0050
_

012
6

365

1.5
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100
067

uaTJoflEBI
'» IT ' —— ' ' '"^^

•tiSDlDHil
800
09
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2 18
153

0050

012
6

365

1.5
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067

ifaallExposure'
IMfckluafe
iGSDinaoST!
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0050
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012
6

365
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06%

ScenanoBBSi

KCSDOHetS

800
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1 0
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012
6

365
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100
067

P led 03/15/2004 4-02 PM



Attachment A 14 24
Trespasser Building 2 Hotspot
Reasonable Maximum Exposure

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
V S EPA Technical R

V slo date 05/19/03

BBBm*m
PbS

R eul/tauerail
BKSF
i

'GSD,
PbB0

IRS

IRS+D

Ws

Ks

AFS.D
EFS.D
ATS.D

* ~ Pb"5.£
>p|Br* o«*~

,PbB~

P(PbBfli,>i;bBt)

1 w W kgro p f Le d Ad It Lead C mmlltee

BBBaffipf
PEfltSSl!
Ml

X

X
X

X

X

X

X
X

X

fzsa
X
X
X

X

X

X
X
X

X

X

X

mauss^isfiHMliiniHBilMBilliflBS^RiBHRiSoRflBl
S il 1 ad ce trat
F tal/m temal PbB tau i
B ki u S] pe F c

Geom tnc land dd u PbB
Basel PbB
S U ges rate ( 1 d g il d d d dus )
Total ingesu rate f tdoo s 1 and d dust
W gh gfacl fracu f IR D gested as id 1
Mass frac f 1 dus
Absorpu fra u ( m f 1 and d t)
E p refrcq y ( m f 1 and dust)
A rag g Urn ( am f si and dust)

>; PbB fad Itw rk geom tri mean

95th percentlle PbB am ng f tuses 1 dull work rs

** T g tPbBIc 1 ten cern(e.g 10 g/dL)

Pr b blUty til t f tal PbB PbB assural g 1 gn rroa] dlstrib d ;-'

[

f ,

mJEmSt
g/g ppra

6/dLpe
g / d y

g/dL

g/dy

g /dy

dys/y
d ys/y

g/dL

ug/dL

g/dL

%

^ianaoKi
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0100

012
12
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IS
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100

06%

HNo5*Kesrd?
ups^ato!
«GSwT!B«l

800
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1 53

0 100

012
12
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100
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BMLUslngEi
iGSDiSBoml
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09
04
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153

0100
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365
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067

•LGSDIOH^
800
09
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0100
10
07
012

12
365

15

50

100

067
E q t i I d e s o t p p r u p re belwee I and dust g u ( 1 des W K )

Wh IR IRj. andW l O t h e q u y l d t h a m PbB,̂

Equ tl 1 based Eq 1 2 In USEPA (1996)
PbB M = (PbS BKSF IR AFS D EF /AT D) + PbB

PbB«.. „ = PbB.*,, (GSD, " R)

Eq U 2 It rn 1 ppr h has d Eq 12 and A 191 USEPA (1996)

PbB PbS BKSF ([(IRs. ) AF EFS W ]+[K (1 W ) AF EF )V365+PbB

(GSD, R)

EPA (1996) R comm d a ns flh T clinical R v l w W k g p f Le d
App ach t Assess! g HI Its Assocl ted with Ad II E posu es to Le d I S II Y15/2004403PM



Attachment A-14-25
Hotspot 2

Residential Exposure to Lead
Calculated Blood Lead and Lead Uptakes from IEUBK Model Software

St Louis Army Ammunition Plant
St Louis Missouri

51
1 2
23
34
4 5
56
67

0021
0034
0062
0067
0067
0093
0093

262
2732
3084
2988
2907
3078
3403

0
0
0
0
0
0
0

0379
0945
0988
1 015
1 064
1 126
1 147

1 747
2768
2783
2804
2098
1 895
1 792

4767
6479
6917
6875
6136
6193
6436

26
27
26
24
21
1 9
18



Attachment A 15 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot 4A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Hotspot 4A Surface Soil (0-0 5 feet BGS)
Chronic
RfD™,

(mg/kg day)

Dermal
Absorption
(unitless)

SF,,,
(mg/kg day)

9
mg/kg
mg/kg
mg/kg

Jim

3enzo(a)anthracene
3enzo(a)pyrene
Benzo(b)fluoranlriene

tTenzia'rfianttirace'nejJili

73E01
73E+00
73E-01

Hotspot 4A Combined Surface and Subsurface Soil (0-10 feet BGS)

Dermal
Absorption
(unitless)

SF,,,
(mg/kg day) | (mg/kg-day)11 Background

•fSfasittmasKi
NTV

73E-01
73E+00
73E-01

Frequency of
Detection

Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

mg/kg
mg/kg
mg/kg
mg/kg

24
00030
016
0004

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 4A R sks ids Data 9/10/2003 8 50 AM



Attachment A 15 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTO RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) !
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
Fi|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFoa! = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
34

091
078
092
011

CF
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09

AB
0

013
013
013
013

SA
3300
3300
3300
3300
3300

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

84
84
84
84
84

ATC

25550
25550
25550
25550
25550

RfDoral

20E02
NTV
NTV
NTV
NTV

SForal

NTV
73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

OOE+0
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

86E9
74E8
87E9
1 OE8
1 OE7

Hotspot^A Risks xls Excavation Worker dermal RMEspo^MR 8/2i 1018AM



Attachment A-15-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATTO RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 X10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D0 ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

PR = rancer Risk funitlessl
ATC = Averaging Time for Carcinogens (25 550 days)
SFo ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
34

091
078
092
011

CF
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

AT
84
84
84
84
84

AT

25550
25550
25550
25550
25550

RfDoal

20E02
NTV
NTV
NTV
NTV

SF0 ,
NTV

73E01
7 3E+00
73E01
7 3E+00

Hazard
Index
57E3

NA
NA
NA
NA

Cancer
Risk
NA

74E9
63E8
74E 9
89E9

Total 5 7E 3 8 7E 8

Hotspot 4A Risks xls Excavation Worker oral RME 8/26/2003 1018AM



Attachment A-15-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD0 a)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) ,
CF = Conversion Factor (1 x 10* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,,, = Averaging Time for Non Carcinogens (days)
R(D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ^/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1 ,

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
29

037
032
037
0056

CF
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02

AB
0

013
013
013
013

SA
2000
2000
2000
2000
2000

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

A T C

42
42
42
42
42

AT

25550
25550
25550
25550
25550

RfDoal

20E02
NTV
NTV
NTV
NTV

SF0 ,
NTV

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

OOE+0
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

24E 10
21E9
23E 10
36E 10
29E9

HotspttgtFRisks xls Excavation Worker dermal CTE 1018AM



Attachment A-15-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 .„ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Ber\zo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h) anthracene

CS
29

037
032
037

0056

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

42
42
42
42
42

ATC

25550
25550
25550
25550
25550

RfDoral

20E02
NTV
NTV
NTV
NTV

SF0ral

NTV
73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index
1 5E3

NA
NA
NA
NA

1 5E3

Cancer
Risk
NA

46E 10
40E9
45E 10
69E 10
56E9

Hotspot 4A Risks xls Excavation Worker oral CTE 8/26/2003 10 18 AM



Attachment A-15-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT e RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) ,
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a! = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

AD
020
020
020
020

AB
013
013
013
013

SA
3300
3300
3300
3300

EF
250
250
250
250

ED
25
25
25
25

BW
70
70
70
70

ATnc

9125
9125
9125
9125

ATe

25550
25550
25550
25550

RfDoral
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

20E7
1 7E6
20E7
24E7
23E6

HotsR^^FRisks xls Site Worker dermal RME 26^^ 10 18AM



Attachment A- 15-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

IR
100
100
100
100

EF
250
250
250
250

ED
25
25
25
25

BW
70
70
70
70

ATne

9125
9125
9125
9125

ATC

25550
25550
25550
25550

RfDorai

NTV
NTV
NTV
NTV

SFora|
73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

23E7
20E6
23E7
2 8 E 7
27E6

Hotspot 4A Risks xls Site Worker oral RME 8/26/2003 10 18AM



Attachment A-15-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cmz/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

AD
003
003
003
003

AB
013
013
013
013

SA
2000
2000
2000
2000

EF
250
250
250
250

ED
5
5
5
5

BW
70
70
70
70

AT^
1 825
1825
1 825
1 825

ATC

25550
25550
25550
25550

RfDoral
NTV
NTV
NTV
NTV

SFora|

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

36E9
31E8
37E9
44E9
43E8

Hotsptfg^FRisks xls Site Worker-dermal CTE 26/̂ |t 1018AM



Attachment A-1 5-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

IR
50
50
50
50

EF
250
250
250
250

ED
5
5
5
5

BW
70
70
70
70

ATnc

1 825
1 825
1 825
1 825

ATC

25550
25550
25550
25550

RfDora,
NTV
NTV
NTV
NTV

SF0 ,

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

23E8
20E7
23E8
2 8 E 8
27E7

Hotspot 4A Risks xls Site Worker oral CTE 8/26/2003 10 18 AM



Attachment A-15-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF0 a] = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

AD
03
03
03
03

AB
013
013
013
013

SA
3300
3300
3300
3300

EF
12
12
12
12

ED
30
30
30
30

BW
70
70
70
70

ATnc

10950
10950
10950
10950

ATC

25550
25550
25550
25550

RfDoal

NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

1 7E8
1 5E7
1 7E8
21E8
20E 7

HotSQ I Risks xls Trespasser-dermal RME 8/26/^TC 1018AM



Attachment A-15-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

IR
100
100
100
100

EF
12
12
12
12

ED
30
30
30
30

BW
70
70
70
70

ATnc

10950
10950
10950
10950

ATC

25550
25550
25550
25550

RfDora,

NTV
NTV
NTV
NTV

SForai
73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

1 3E8
1 1E7
1 4E8
1 6E8
1 6E7

Hotspot 4A Risks xls Trespasser oral RME 8/26/2003 10 18AM



Attachment A-15-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

i AB = Absorbed Fraction (umtless) '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SFora! = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

AD
004
004
004
004

AB
013
013
013
013

SA
2000
2000
2000
2000

EF
6
6
6
6

ED
9
9
9
9

BW
70
70
70
70

ATne

3285
3285
3285
3285

ATC

25550
25550
25550
25550

RfDorai

NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

21E10
1 8E9

21E10
25E 10
25E9

Hotspo^A Risks xls Trespasser-dermal CTE 8/26/2003 1018AM



Attachment A-15-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

IR
50
50
50
50

EF
6
6
6
6

ED
9
9
9
9

BW
70
70
70
70

ATnc

3285
3285
3285
3285

ATC

25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV

SFoal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

1 OE9
86E9
1 OE9
1 2E9
1 2E8

Hotspot 4A Risks xls Trespasser oral CTE 8/26/2003 10 18 AM



Attachment A-15 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hots pot 4 A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA ,̂,,, EF ED hNd)/(BW h|ld AT
(hazard estimate assumes child only exposure)

RfDw,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchim = Surface Area of Exposed Skin for a Child (cm2/day)
SA dul, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hNd = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BW hud = Body Weight for a Child (kg)
BW „, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF , ((SA,.h,d ED hld/BW h,d)+(SA d

(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF^ = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

AD
03
03
03
03

AB
013
013
013
013

SA îu SA.d „ EF ED hnd ED „ lt

1 913
1 913
1 913
1 913

3 300 350
3 300 350
3 300 350
3 300 350

6
6
6
6

24
24
24
24

BW hlld

15
15
15
15

BW „ „ AT^ AT
70
70
70
70

2190 25550
2190 25550
2190 25550
2190 25550

RfD |
NTV
NTV
NTV
NTV

SF ,
73E01
7 3E+00
73E01
73E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

67E7
58E6
68E7
81E7
79E-6

Hotspo' iks Is Reside t dermal RME 1018AM



Attachment A-15 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFU, EF EDMi)/(B\N^ AT^ RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDtMu = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BW^ = Body Weight for a Child (kg)
BWad i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x106 kg/mg)
IR<«id = Soil Ingestion Rate for a Child (mg/day)
IR d n = Soil Ingestion Rate for an Adult (mg/day)
R(D ^ = Oral Reference Dose (mg/kg/day)

ED /BW W(AT)Eq.at'on 2 CR = 1C* TF EF SF _ mR^ ED- /BW^. )+l\R
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical CS CF IR hild EF ED „ „ BW hyd BW „ „ AT AT RfD, , SF
Hazard Cancer
Index Risk

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

091
078
092
011

1E6
1E6
1E6
1E6

200
200
200
200

100
100
100
100

350
350
350
350

6
6
6
6

24
24
24
24

15
15
15
15

70
70
70
70

2190 25550
2190 25550
2190 25550
2190 25550

NTV
NTV
NTV
NTV

73E 01
7 3E+00
73E01
7 3E+00

Total

NA
NA
NA
NA

OOE+0

1 OE 6
89E6
1 1E6
1 3E6
1 2E5

Hotspot 4A Risks xl3 Resident oral RME 8/26/2003 10 18AM



Attachment A 15 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SAchld EF ED hkJ)/(BW m AT
(hazard estimate assumes child only exposure)

,,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

, CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SAchju = Surface Area of Exposed Skin for a Child (cm2/day)
SAad u = Surface Area of Exposed Skin for an Adult (cmz/day)
EF = Exposure Frequency (days/year)
ED him = Exposure Duration for a Child (years)
ED d n = Exposure Duration for an Adult (years)
BW m = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „ ((SA^ ED hlllJ/BW hrld)+(SA a „ ED „ ,,/BW „ lt)))/(AT )
(cancer risk assumes child •+• adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF i = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

AD
004
004
004
004

AB
013
013
0 13
013

SAehia

1 440
1 440
1 440
1 440

SA,,, „
2000
2000
2000
2000

EF
350
350
350
350

ED hiid
6
6
6
6

EDdI t

3
3
3
3

BW hlld

15
15
15
15

BW d l t AT,,,
70
70
70
70

2190
2190
2190
2190

AT
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV

SF ,
73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE-t-0

Cancer
Risk

3 1E8
27E7
32E8
38E8
37E7

HotspoUgfissks xls Resident dermal CTE 1018AM



Equation 1 HI = (CS CF

Attachment A 15-17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

EF EDMa)/(BWcma ATTO RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED^ = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BW^h) = Body Weight for a Child (kg)
BW a „ = Body Weight for an Adult (kg)
ATnc = Averaging Time tor Non Carcinogens (days)
CF = Conversion Factor (1 xlO"8 kg/mg)
IRcMu = Soil Ingestion Rate for a Child (mg/day)
IRad „ = Soil Ingestion Rate for an Adult (mg/day)
RiDora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = 'CS CF EF SF _ HIR, ED^ JB\N^ UflR
(cancer risk assumes child + adult exposure)

ED ,/BW WCAT

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „„ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
091
078
092
011

CF
1E6
1E6
1E6
1E6

IRcH,,

100
100
100
100

W d n
50
50
50
50

EF
350
350
350
350

ED WId

6
6
6
6

EDd l t

3
3
3
3

BW hlld

15
15
15
15

BW d l t

70
70
70
70

AT
2190
2190
2190
2190

AT
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV

SF ,
73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

38E 7
33E6
39E7
46E7
4 5 E 6

Hotspot 4A Risks xls Resident oral CTE 8/26/2003 10 18 AM



Attachment A-15-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 4A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

]

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
00015
00015

0
0
0

0
0006
0006

0
0
0

29E9
56E9
85E9

43E8
27E7
32E7

1 OE7
87E8
1 9E7

23E6
27E6
51E6

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

25E9
1 2E8
1 4E8

37E7
45E6
49E6

20E7
1 6E7
36E7

79E6
1 2E5
20E5

Hotspot 4A Risks xls Risk Summary 8/26/2003 1018AM



Attachment A 16-1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 4B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 4B Surface Soil (0-0 5 feet BGS)
Dermal

Absorption
(umtless)

53

Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

Hotspot 4B Combined Surface and Subsurface Soil (0-10 feet BGS)
Dermal

Absorption
(umlless)

Maximum
Detect

Frequency of
Detection (mg/kg-day) Backqrounc

Chromium mg/kg
Benzo(a)anthracene mg/kg
Benzo(a)pyrene mg/kg
Benzo(b)fluoranthene mg/kg

20E02
NTV
NTV
NTV

NTV
73E01
7 3E+00
73E-01

UiEenzia'pmntnracene^
lndeno(1 2 3-cd)pyrene

NE Not evaluated quantitatively
NTV No toxicrty value

Hotspot 4B R sks xls Data 9/KV2003 850AM



Attachment A 16 2
Future Excavation/Construction Worker

-Estimated Risk for-Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD a!)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion I Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) |
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
32
36
41
48
012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09

AB
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300

I

EF
60
60
60
60
60
60

ED
1
1
1
1
1
1

BW
70
70
70
70
70
70

A T C

84
84
84
84
84
84

ATe

25550
25550
25550
25550
25550
25550

RfDora,

20E02
NTV
NTV
NTV
NTV
NTV

SFral

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

34E8
39E7
45E8
1 1E8
30E8
51E7

Hoi isks xls Excavation Worker-dermal RME 60) 10 19AM



Attachment A-1 6-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
32
36
41
48

012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330

EF
60
60
60
60
60
60

ED
1
1
1
1
1
1

BW
70
70
70
70
70
70

A T C

84
84
84
84
84
84

ATC

25550
25550
25550
25550
25550
25550

RfDoral

20E02
NTV
NTV
NTV
NTV
NTV

SFoal

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
5 4 E 3

NA
NA
NA
NA
NA

54E3

Cancer
Risk
NA

29E8
33E7
39E 8
97E9
26E8
43E7

Hotspot 4B Risks xls Excavation Worker oral RME 8/26/2003 1019AM



Attachment A-1 6 4
Future Excavation/Construction Worker

_ Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfDora))

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion Factor (1 x 10 8 kg/mg) ,i
AD = Adherence Factor for Soil (mg/cm2) ;
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ,ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
28
1 3
1 3
1 6

0061
1 1

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02

AB
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000

EF
30
30
30
30
30
30

ED
1
1
1
1
1
1

BW
70
70
70
70
70
70

AT

42
42
42
42
42
42

AT

25550
25550
25550
25550
25550
25550

RfDral

20E02
NTV
NTV
NTV
NTV
NTV

SFral

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

81E 10
80E9
99E 10
39E 10
67E 10
1 1E8

HotSI Risks xls Excavation Worker-dermal CTE 8/26/2003 1019AM



Attachment A-16-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 X10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
RiDoraJ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Ave aging Time for Carcinogens (25 550 days^
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
28
1 3
1 3
1 6

0061
1 1

CF
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100

EF
30
30
30
30
30
30

ED
1
1
1
1
1
1

BW
70
70
70
70
70
70

ATnc

42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550

RfDoal

20E 02
NTV
NTV
NTV
NTV
NTV

SForal

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 4E 3

NA
NA
NA
NA
NA

1 4E3

Cancer
Risk
NA

1 6E9
1 5E8
1 9E9

74E 10
1 3E9
21E8

Hotspot 4B Risks xls Excavation Worker-oral CTE 8/26/2003 1019AM



Attachment A-16 6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"* kg/mg) ,
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) ,
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
R|D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoaJ)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
36
41
48
012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020
020

AB
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300

EF
250
250
250
250
250
250

ED
25
25
25
25
25
25

BW
70
70
70
70
70
70

AT e

9125
9125
9125
9125
9125
9125

AT

25550
25550
25550
25550
25550
25550

RfDral

30E03
NTV
NTV
NTV
NTV
NTV

SForal

NTV
73E01
7 3E+ 00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

79E7
90E6
1 1E6
26E7
70E7
1 2E5

HOtSI Risks xls Site Worker dermal RME 8/2I 1019AM



Attachment A-16-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoai)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x109 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDoraj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoai)/(BW ATJ

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for oarcmogens (25 5^0 aays;
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
36
41
48
012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100

EF
250
250
250
250
250
250

ED
25
25
25
25
25
25

BW
70
70
70
70
70
70

ATnc

9125
9125
9125
9125
9125
9125

ATC

25550
25550
25550
25550
25550
25550

RfDora,

30E03
NTV
NTV
NTV
NTV
NTV

SForal

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 OE2

NA
NA
NA
NA
NA

1 OE2

Cancer
Risk
NA

92E7
1 OE5
1 2E6
31E7
82E7
1 4E5

Hotspot 4B Risks xls Site Worker oral RME 8/26/2003 1019AM



Attachment A 16 8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1CT6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForaj = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cdjpyrene

CS
31
25
25
30
012
20

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003
003

AB
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250

ED
5
5
5
5
5
5

BW
70
70
70
70
70
70

AT
1 825
1 825
1 825
1 825
1 825
1 825

AT
25550
25550
25550
25550
25550
25550

RfDral

30E03
NTV
NTV
NTV
NTV
NTV

SFral

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

OOE+0
NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

98E9
1 OE7
1 2E8
48E9
81E9
1 3E7

Hotspi Risks xls Site Worker dermal CTE 8/2I '3 10 19AM



Attachment A-16-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD0fal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ,)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 davs)
SF aj = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
25
25
30

012
20

CF
1E 6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50

EF
250
250
250
250
250
250

ED
5
5
5
5
5
5

BW
70
70
70
70
70
70

AT e

1 825
1 825
1 825
1 825
1 825
1 825

ATC

25550
25550
25550
25550
25550
25550

RfD0 ,
30E 03

NTV
NTV
NTV
NTV
NTV

SF0 ,

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
51E3

NA
NA
NA
NA
NA

51E3

Cancer
Risk
NA

63E 8
64E7
7 5 E 8
31E8
52E8
86E7

Hotspot 4B Risks xls Site Worker oral CTE 8/26/2003 10 19 AM



Attachment A-16 10
Current Trespasser/Site Visitor

^Estimated Risk for,Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT™- RfDoal)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
36
41
48
012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03

AB
0

013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300

EF
12
12
12
12
12
12

ED
30
30
30
30
30
30

BW
70
70
70
70
70
70

'AT
10950
10950
10950
10950
10950
10950

ATC

25550
25550
25550
25550
25550
25550

RfDoral

30E03
NTV
NTV
NTV
NTV
NTV

SForal

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

'Hazard
Index

OOE+0
NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

68E8
78E7
91E8
23E8
61E8
1 OE6

Hotspo^B Risks xls Trespasser-dermal RME 8/2I 13 1019AM



Attachment A-16-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 X10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
31
36
41
48
012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100

EF
12
12
12
12
12
12

ED
30
30
30
30
30
30

BW
70
70
70
70
70
70

AT
10950
10950
10950
10950
10950
10950

ATe

25550
25550
25550
25550
25550
25550

RfD0 i
30E 03

NTV
NTV
NTV
NTV
NTV

SFora!

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
4 9E 4

NA
NA
NA
NA
NA

49E4

Cancer
Risk
NA

5 3 E 8
60E7
71E8
1 8E8
47E8
79E7

Hotspot 4B Risks xls Trespasser-oral RME 8/26/2003 1019AM



Attachment A-16 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoai)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

1 CF = Conversion Factor (1 x 106 kg/mg)
i AD = Adherence Factor for Soil (mg/cm2)

AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
RiDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
25
25
30
012
20

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004

AB
0

013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000

i

EF
6
6
6
6
6
6

ED
g
9
9
9
9
9

BW
70
70
70
70
70
70

AT e

3285
3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550
25550

RfDral

30E03
NTV
NTV
NTV
NTV
NTV

SFral

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index '

OOE+0
NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

56E 10
57E9
68E 10
28E 10
47E 10
77E9

HotspoyftRlsks xls Trespasser-dermal CTE 8/2' i3 10 19AM



Attachment A-16-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Doa) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF0 al)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 5t>0 days;
SFora: = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
25
25
30
012
20

CF
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50

EF
6
6
6
6
6
6

ED
9
9
9
9
9
9

BW
70
70
70
70
70
70

ATnc

3285
3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550
25550

RfDoral

30E03
NTV
NTV
NTV
NTV
NTV

SFora,
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 2E4

NA
NA
NA
NA
NA

1 2E4

Cancer
Risk
NA

27E9
28E8
33E9
1 3E9
22E9
37E8

Hotspot 4B Risks xls Trespasser-oral CTE 8/26/2003 10 19AM



Attachment A 16 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS) ~

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

,RfD ,}Equation 1 HI = (CS CF AD AB SA^ EF ED adK(BW hud

(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA,.,,̂  = Surface Area of Exposed Skin for a Child (cm2/day)
SA.,11, = Surface Area of Exposed Skin for an Adult (cm!/day)
EF s Exposure Frequency (days/year)
ED Md = Exposure Duration for a Child (years)
ED d = Exposure Duration for an Adult (years)
BW hlld = Body Weight for a Child (kg)
BW „ | = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „, ((SA^ d ED hlU/BW hJ+(SA,d,
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF i = Oral Cancer Slope Factor (mg/kg/day)'

ED „ ,/BW )))/(AT )

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
36
41
48
012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03

AB
0

013
013
013
013
013

SA.™
1 913
1 913
1 913
1 913
1 913
1 913

SA.dl,
3300
3300
3300
3300
3300
3300

EF ED hlld ED d „
350
350
350
350
350
350

6
6
6
6
6
6

24
24
24
24
24
24

BW „„„

15
15
15
15
15
15

BW d B AT
70
70
70
70
70
70

2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550

RfD ,
30E03

NTV
NTV
NTV
NTV
NTV

SF™,
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

0
NA
NA
NA
NA
NA

OOE+0

Cancer
Risk
NA

27E6
30E5
36E6
89E7
24E6
40E5

Hols sks xls Reside I d rmal RME 1019AM



Attachment A 16 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF EDchuMBW**, AT^ RfD „)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)

= Exposure Duration for a Child (years)
i = Exposure Duration for an Adult (years)

BWcM,, = Body Weight for a Child (kg)
BW dul, = Body Weight for an Adult (kg)
Alp,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x10 6 kg/mg)

Soil Ingestion Rate for a Child (mg/day)
i = Soil Ingestion Rate for an Adult (mg/day)
ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „, ((IR ,̂,, ED
(cancer nsk assumes child + adult exoosure)

d „ ED d ,,/BW „ U)))/(AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFMal = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenzfa h)anthracene
lndeno(1 2 3 cd)pyrene

CS
31
36
4 1
48
012
32

CF
1E6
1E6
1E6
1E6
1E6
1E6

IRctilld

200
200
200
200
200
200

IRd,,
100
100
100
100
100
100

EF
350
350
350
350
350
350

ED hiid
6
6
6
6
6
6

EDd l t

24
24
24
24
24
24

BWd,,,,, BW d „ AT
15
15
15
15
15
15

70
70
70
70
70
70

2190
2 190
2190
2 190
2190
2190

AT
25550
25550
25550
25550
25550
25550

RfD i
30E03

NTV
NTV
NTV
NTV
NTV

SF.
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 3E 1

NA
NA
NA
NA
NA

1 3E 1

Cancer
Risk
NA

4 1E 6
47E5
55E6
1 4E6
37E6
61E5

Hotspot 4B Risks xls Resident oral RME 8/26/2003 1019AM



Attachment A 16 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
~~ ~ COPCiTO 0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED W)/(BW „ AT RID )
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor (or Soil (mg/cm2) '
AB = Absorbed Fraction (umtless)
SAohio = Surface Area of Exposed Skin for a Child (cm2/day)
SA,d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED had = Exposure Duration for a Child (years)
ED d = Exposure Duration for an Adult (years)
BW „ = Body Weight for a Child (kg)
BW „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ((SA, u ED ld/BW Md)+(SA.d , ED d ,/BW „ )))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SF i = Oral Cancer Slope Factor (mg/kg/day)

Chemical CS CF AD AB SA.MH SA „ „ EF ED hlld ED d « BW hlu BW d n ATM AT TOP ,
Hazard Cancer

SF „! Index Risk
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

31
25
25
30
012
20

1E6
1E6
1E6
1E6
1E6
1E6

004 0
004 013
004 013
004 013
004 013
004 013

1 440 2 000 350
1 440 2 000 350
1 440 2 000 350
1 440 2 000 350
1 440 2 000 350
1 440 2 000 350

6
6
6
6
6
6

3
3
3
3
3
3

15
15
15
15
15
15

70
70
70
70
70
70

2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550

30E03
NTV
NTV
NTV
NTV
NTV

NTV 0 OE+0 NA
7 3E 01 NA 8 4E 8
7 3E+00 NA 8 6E 7
7 3E 01 NA 1 OE 7
73E+00 NA 4 1 E 8
7 3E 01 NA 7 OE 8

Total 0 OE+0 1 2E 6

tsp<^Usliks Is Resde thermal CTE 1019AM



Attachment A 16 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR Md EF ED ̂ /(BW hld AT,,, RfD a)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED h|d = Exposure Duration for a Child (years)
EDaduit = Exposure Duration for an Adult (years)
BWchiK, = Body Weight for a Child (kg)
BW dult = Body Weight for an Adult (kg)
ATpj = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x10 6 kg/mg)
IRcwid = Soil Ingestion Rate for a Child (mg/day)
!R duii = Soil Ingestion Rale for an Adult (mg/day)

= Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „,
(cance nsk assume ^h 'd

dull ED d ,,/BW d ,J))/(AT )
po<=L

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFwa| = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3 cd)pyrene

CS
31
25
25
30

0 12
20

CF
1E6
1E6
1E6
1E6
1E6
1E6

IRchlld

100
100
100
100
100
100

IRd i t
50
50
50
50
50
50

EF
350
350
350
350
350
350

ED*,
6
6
6
6
6
6

EDd l t

3
3
3
3
3
3

BWchlld

15
15
15
15
15
15

BW d l t

70
70
70
70
70
70

AT
2190
2190
2 190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550

RfD i
30E03

NTV
NTV
NTV
NTV
NTV

SF™,
NTV

73E01
7 3E+00
73E01
7 3E-4-00
73E01

Total

Hazard
Index
66E 2

NA
NA
NA
NA
NA

66E2

Cancer
Risk
NA

1 OE6
1 1E 5
1 2E6
5 1E7
86E7
1 4E5

Hotspot 4B Risks xls Resident oral CTE 8/26/2003 1019AM



Attachment A-16-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 4B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker-
Dermal
Ingestion
Total

0
00014
00014

0
00054
00054

1 1E8
21E8
32E8

51E7
43E7
94E7

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

0
00051
00051

0
0010
0010

1 3E7
86E7
99E7

1 2E5
1 4E5
26E5

Current Trespasser/Site Visitor
Dermal
Ingestion
Total

0
000012
000012

0
0 00049
0 00049

77E9
37E8
45E8

1 OE6
79E7
1 8E6

Hypothetical Future Resident
Dermal
Ingestion
Total

0
0066
0066

0
013
013

1 2E6
1 4E5
1 5E5

40E5
61E5
1 OE4

Hotspot 4B Risks xls Risk Summary 8/26/2003 1019AM



Attachment A 17 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot 4C Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 4C Surface Soil (0-0 5 feet BGS)

(mg/kg day) (mg/kg-day)

NE

Hotspot 4C Combined Surface and Subsurface Soil (0-10 feet BGS)

Benzo(b)(luoranlhene
UiDehzia r̂ilarithracene

NE Not evaluated quantitatively
NTV No toxicrty value

Hotspot 4C R sks xls Data 9/KV2003 8 50 AM



Attachment A-1 7 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDora,)

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg) , (

CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoa!)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
065
048
070
017

CF
1E6
1E6
1E6
1E6

AD
09
09
09
09

AB
013
013
013
013

SA
3300
3300
3300
3300

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

RfDoal

NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

61E9
4 5 E 8
66E9
1 6E8
74E8

Hotsp^^FRisks xls Excavation Worker-dermal RME 8/26/2^B 1021 AM



Attachment A- 17-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD0

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF0 ̂ /(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
065
048
070
017

CF
1E6
1E6
1E6
1E6

IR
330
330
330
330

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

RfDora,

NTV
NTV
NTV
NTV

SFora)

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

53E9
39E8
57E9
1 4E8
63E8

Hotspot 4C Risks xls Excavation Worker oral RME 8/26/2003 1021 AM



' Attachment A-17-4
Future Excavation/Construction Worker

-Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SForaJ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
033
024
036
010

CF
1E6
1E6
1E6
1E6

AD
02
02
02
02

AB
013
013
013
013

SA
2000
2000
2000
2000

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDora,

NTV
NTV
NTV
NTV

SFoal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

21E 10
1 6E9

23E 10
64E 10
26E9

Hotspo^^Ri;isks xls Excavation Worker-dermal CTE g/26/^t !1021 AM



Attachment A-17-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
033
024
036
010

CF
1E6
1E6
1E6
1E6

IR
100
100
100
100

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

Rf D0 „,
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

40E 10
30E9
44E 10
1 2E9
5 1 E 9

Hotspot 4C Risks xls Excavation Worker oral CTE 8/26/2003 10 21 AM



Attachment A-17-6
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 4C Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Hazard Index
CTE RME

0 0
0 0
0 0

Cancer Risk
CTE RME

2 6E 9 7 4E 8
51E9 63E8
7 7E 9 1 4E 7

Hotspot 4C Risks xls Risk Summary 8/26/2003 10 21 AM



Attachment A 181
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 4D Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 4D Surface Soil (0-0 5 feet BGS)

Chemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Dermal
Absorption
(unitless)

Chronic
FWD^

(mg/kg-day)
SFaal

(mg/kg-day)' Background

Hotspot 4D Combined Surface and Subsurface Soil (010 feet BGS)
Dermal

Absorption
(unitless)

Chronic

Beryllium
Chromium

(mg/kg day)' Background

1 01
2546

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 40 Risks xte Data 9/10/2003 851AM



Attachment A-18-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless) ,
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
FlfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 6
39

CF
1E6
1E6

AD AB
09 0
09 0

SA
3300
3300

EF
60
60

ED
1
1

BW
70
70

ATnc

84
84

ATC

25550
25550

RfDor.,

50E03
20E02

SForal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotsi Risks xls Excavation Worker dermal RME 8/26/2003 1023AM>/20Q3 1



Attachment A-18-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 6
39

CF
1E6
1E6

IR
330
330

EF
60
60

ED
1
1

BW
70
70

ATnc

84
84

ATe RfDora,

25 550 5 OE 03
25 550 2 OE 02

SForai
NTV
NTV

Total

Hazard
Index
1 1E3
66E3
76E3

Cancer
Risk
NA
NA

OOE+0

Hotspot 4D Risks xls Excavation Worker oral RME 8/26/2003 1023AM



Attachment A-18-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora!)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg) !

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW AT0)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 3
32

CF
1E6
1E6

AD
02
02

AB
0
0

SA EF
2 000 30
2 000 30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfDoral

50E03
20E02

SFoal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hots Risks xls Excavation Worker dermal CTE 8/26/2003 1023AM



Attachment A-18-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 3
32

CF
1E6
1E6

IR
100
100

EF
30
30

ED
1
1

BW
70
70

ATne ATC

42 25 550
42 25 550

RfDora,

50E03
20E02

SForal

NTV
NTV

Total

Hazard
Index
27E4
1 6E3
1 9E3

Cancer
Risk
NA
NA

OOE+0

Hotspot 4D Risks xls Excavation Worker-oral CTE 8/26/2003 1023AM



Attachment A-18-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Beryllium
Chromium

CS
1 4
31

CF
1E6
1E6

AD AB
020 0
020 0

SA EF
3 300 250
3 300 250

ED
25
25

BW
70
70

ATnc ATe

9125 25550
9125 25550

RfDora,

20E03
30E03

SFora|

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotsp^ l̂Risks xls Site Worker dermal RME 8/26/2^a 11023AM



Attachment A-18-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFnM)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 4
31

CF
1E6
1E6

IR
100
100

EF
250
250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

RfDoral

20E03
30E03

SForai
NTV
NTV

Total

Hazard
Index
6 8 E 4
1 OE2
1 1E2

Cancer
Risk
NA
NA

OOE+0

Hotspot 4D Risks xls Site Worker oral RME 8/26/2003 1023AM



Attachment A-18-8
Future Industrial/Commercial Worker

- - - Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora()

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
, ATC = Averaging Time for Carcinogens (days)

SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 1
28

CF
1E6
1E6

AD AB
003 0
003 0

SA EF
2 000 250
2 000 250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral
20E03
30E03

SForal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

HotspoMCfRisks xls Site Worker-dermal CTE 8/26/2^^11023AM



Attachment A-1 8-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
1 1
28

CF
1E6
1E6

IR
50
50

EF
250
250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

20E03
30E03

SForal

NTV
NTV

Total

Hazard
Index
27E4
46E 3
4 8 E 3

Cancer
Risk
NA
NA

OOE+0

Hotspot 4D Risks xls Site Worker-oral CTE 8/26/2003 1023AM



Attachment A-1 8-1 0
Current Trespasser/Site Visitor

- - Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
1 CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
i ATC = Averaging Time for Carcinogens (days)

1 SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
1 4
31

CF
1E6
1E6

AD
03
03

AB
0
0

SA EF
3300 12
3300 12

ED
30
30

BW
70
70

ATnc ATC RfDora,
10950 25550 2 OE 03
10950 25550 3 OE 03

SForal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotsi Risks xls Trespasser dermal RME 8/26/2003 1023AM5/2003 '



Attachment A-1 8-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
Ft|Dora, = Oral Reference Dose (mg/kg/day)

Equa o-2 CD = (CS 'P EF ED SFoa,)/(B\A/

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
1 4
31

CF
1E6
1E6

IR
100
100

EF
12
12

ED
30
30

BW
70
70

ATnc ATe

10950 25550
10950 25550

RfDora,
20E03
30E03

SForai
NTV
NTV

Total

Hazard
Index
33E 5
49E4
52E4

Cancer
Risk
NA
NA

OOE+0

Hotspot 4D Risks xls Trespasser oral RME 8/26/2003 1023AM



Attachment A-18-12
Current Trespasser/Site Visitor

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1CT6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
FlfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 1
28

CF
1E6
1E6

AD AB
004 0
004 0

SA EF
2000 6
2000 6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3285 25550

RfDora,

20E03
30E03

SForal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hots, Risks xls Trespasser dermal CTE 8/26/2003 1023AM



Attachment A-18-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF VfBW AT t

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora: = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
1 1
28

CF
1E6
1E6

IR
50
50

EF
6
6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3285 25550

RfDora,

20E03
30E03

SForai
NTV
NTV

Total

Hazard
Index
65E6
1 1E4
1 2E4

Cancer
Risk
NA
NA

OOE+0

Hotspot 4D Risks xls Trespasser oral CTE 8/26/2003 1023AM



Attachment A-1 8 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB EF ATTC RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) i
SAchid = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDeww = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BWcwu = Body Weight for a Child (kg)
BW a „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((SA.*, EDchlld/BWchld)-(.(SA „
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ,ai = Oral Cancer Slope Factor (mg/kg/day) 1

EDad ,/BW d ,,)))/(ATc)

Chemical
Beryllium
Chromium

CS
1 4
31

CF
1E6
1E6

AD
03
03

AB
0
0

SAehlld SA „ „ EF ED „„„ ED „ „
1913 3300 350 6 24
1913 3300 350 6 24

BW hlw BW „ |,
15 70
15 70

AT ATe

2190 25550
2 1 90 25 550

RfD i
20E03
30E03

SF .,
NTV
NTV

Total

Hazard
Index

0
0

OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotspot^DR sks xls Resident dermal RME 8/2i 13 1023AM



Attachment A 18-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDMa)/(B\Nchl]d AT^ RfDoal)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED,*!,, = Exposure Duration for a Child (years)
EDadull = Exposure Duration for an Adult (years)
BWchJd = Body Weight for a Child (kg)
BW^ |, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchw = Soil Ingestion Rate for a Child (mg/day)
IRad |, = Soil Ingestion Rate for an Adult (mg/day)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchild ED hl(/BW hw)+(IRad „ EDadult/BW „ ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical CS CF d it EF EDeh,,d ED „ „ BW hlld BWad „ AT ATC RfDoral SFora, Index Risk
Hazard Cancer
|n*JHU Bl«*lx

Beryllium
Chromium

1 4
31

1E6
1E6

200
200

100
100

350
350

6
6

24
24

15
15

70
70

2190 25550 2 OE 03
2190 25550 3 OE 03

NTV
NTV

Total

89E 3
1 3E 1
1 4E 1

NA
NA

OOE+0

Hotspot 40 Risks xls Resident-oral RME 8/26/2003 1023AM



Attachment A-18 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB EF AT,* RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0"6 kg/mg) (

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchHu = Surface Area of Exposed Skin for a Child (cm2/day)
SAad i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED^ = Exposure Duration for a Child (years)
ED d I, = Exposure Duration for an Adult (years)
BW „,„ = Body Weight for a Child (kg)
BW d |, = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ral ((SA-hlld

(cancer risk assumes child + adult exposure)
+(SAad „ EDad ,/BW „ ,,)))/(AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ra! = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
1 1
28

CF
1E6
1E6

AD
004
004

AB
0
0

s/w sAdult
1 440 2 000
1 440 2 000

EF ED „,„
350 6
350 6

i EDdl t

3
3

BWehl,d BW d l t

15 70
15 70

AT AT
2190 25550
2190 25550

RID*
20E03
30E03

SF,,,
NTV
NTV

Hazard
Index

OOE+0
OOE+0

Cancer
Risk
NA
NA

Total 0 OE+0 0 OE+0

Holspol sks xls Resident dermal CTE 8/2I 1023AM



Attachment A 18 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 4D Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF ED hlld)/(BWchl() AT^ RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDtfio = Exposure Duration for a Child (years)
EDad it = Exposure Duration for an Adult (years)
BW M = Body Weight for a Child (kg)
BWad |, = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x10 6 kg/mg)
IR h!d = Soil Ingestion Rate for a Child (mg/day)
IR dun = Soil Ingestion Rate for an Adult (mg/day)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFoaJ ({IRchld

(cancer risk assumes child + adult exposure)
EDad ,,/BW „ ,,)))/(AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Beryllium
Chromium

CS
1 1
28

CF
1E6
1E6

IR hiid
100
100

IRdl,
50
50

EF
350
350

EO hlld

6
6

EDd l t

3
3

BW „„„

15
15

BWd , ,

70
70

AT

2190
2190

AT

25550
25550

RID-
20E03
30E03

SFral

NTV
NTV

Total

Hazard
Index
35E3
60E2
63E2

Cancer
Risk
NA
NA

OOE+0

Hotspot 4D Risks xls Resident oral CTE 8/26/2003 1023AM



Attachment A-18-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 4D Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

Current Trespasser/Site Visitor
Dermal
Ingestion
Total

Hypothetical Future Resident
I Dermal

Ingestion
Total

Hazard
CTE

0
00019
00019

0
00048
00048

0
000012
000012

0
0063
0063

Index
RME

0
00076
00076

0
0011
0011

0
0 00052
0 00052

0
014
014

Cancer
CTE

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

Risk
RME

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

Hotspot 4D Risks xls Risk Summary 8/26/2003 1023AM



Attachment A 19 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 5A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Hotspot 5A Surface Soil (0-0 5 feet BGS)

Chemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

DC rmal
Absorption
(unitless)

Chronic
RfD™,

(mg/kg day) (mg/kg-day)' Background

Chromium
Lead
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)lluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

151
1790
25
19
16
19
7 1
11

151
1790
25
19
16
19
71
11

1/1
1/1
1/1
1/1
1/1
1/1
1/1
1/1

151
1790
25
19
16
19
71
11

65
1100

151
1790
25
19
16
19
7 1
11

003
003

5DE 04
50E04

34E Of
34E01

m 03?mt.
0
0

0 13
0 13
0 13
013
013
013

30E 03
NE

NTV
NTV
NTV
NTV
NTV
NTV

NTV
NE

73E01
73E+00
73E01
73E02
73E+00
73E01

2546
363
089
074
063
046
03
041

Hotspot 5A Combined Surface and Subsurface Soil (0-10 feet BGS)
Chronic
FtfD^

(mg/kg day)

Dermal
Absorption
(unitless)

SF™,
(mg/kg-day)1

Maximum
Detect

Frequency of
Detection

Chromium
Lead
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dtbenz(a h)anthracene
lndeno(1 23 cd)pyrene

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

23
20

0 026
0015
0 034
001
0 005
0012

NTV
NE

73E01
73E+00
73E-01
73E02
7 3E+00
73E-01

Lead has no RfD or SF and is evaluated separately
NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 5A R sks xls Data 9/10/2003 BS1 AM



Attachment A 19 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD^)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)'
SA = Surface Area of Exposed Skin (cm2/day) i
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R|D a = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFaal)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF i = Oral Cancer Slope Factor (mg/kg/day)'

i Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
7 1
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09
09
09
09

AB
003
003

0
013
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF
60
60
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70
70
70

AT
84
84
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD i
50E04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SF ,

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
1 2E 1
4 5 E 2
OOE+0

NA
NA
NA
NA
NA
NA

1 6E1

Cancer
Risk

66E8
25E8

NA
1 5E7
1 8E6
1 5E7
1 8E8
67E7
1 OE7
30E6

Hotspot 5A Risks xls Excavation Worker dermal RME 1025AM



Attachment A 19 3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 8 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ral)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF n,, = C c, Co ce S'cpe c^c o '•"g/i'g/da ">1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330
330
330

EF
60
60
60
60
60
60
60
60
60

ED
1
1
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70
70
70

AT
84
84
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD i
50E 04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E01
34E01

NTV
73E01
7 3E+ 00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
44E 1
74E+0
25E2

NA
NA
NA
NA
NA
NA

79E+0

Cancer
Risk

24E 7
41E6

NA
20E7
1 5E6
1 3E7
1 5E8
57E7
89E8
69E6

Hotspot 5A Risks xls Excavation Worker oral RME 8/26/2003 1025AM



Attachment A 19 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
" COPCs~0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTC RfD,,.,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)

i AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,,. = Averaging Time for Non Carcinogens (days)
RfDwai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFW ,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFW i = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenzfa h)anthracene
lndeno(1 2 3 cd)pyrene

i
CS
33
550
87
13
95
80
95
36
55

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02
02
02
02

AB
003
003

0
013
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
30
30
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70
70
70

AT.

42
42
42
42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,

50E04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SF ,

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
80E3
1 3E 1
OOE+0

NA
NA
NA
NA
NA
NA

1 4E 1

Cancer
Risk

22E9
38E8

NA
80E 9
61E8
51E9

61E10
23E8
35E9
1 4E7

Hotspo^Mssks xls Excavation Worker dermal CTE 1025AM



Attachment A 19 5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED|/(BW AT c RfD a,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ai = 0 a Ca-ce S ope Fav, c ("ig/'g/da,)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
33

550
87
13
95
80
95
36
55

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100

EF ED
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1

BW
70
70
70
70
70
70
70
70
70

AT e

42
42
42
42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfDoral

50E 04
50E04
20E02

NTV
NTV
NTV
NTV
NTV
NTV

SFral

34E 01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
66E 2
1 1E+0
44E3

NA
NA
NA
NA
NA
NA

1 2E+0

Cancer
Risk

1 9E 8
31E7

NA
1 5E8
1 2E7
98E9
1 2E9
44E8
67E9
53E7

Hotspot 5A Risks xls Excavation Worker-oral CTE 8/26/2003 1025AM



Attachment A 19 6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD „)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cmf)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cmz/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFwal)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF a = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020
020
020
020
020

AB
003
003

0
013
0 13
013
0 13
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300

i
EF
250
250
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70
70
70

AT

9125
9125
9125
9125
9125
9125
9125
9125
9125

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

!
SF ,

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
25E2
43E 1
OOE+0

NA
NA
NA
NA
NA
NA

45E1

Cancer
Risk

1 5E6
26E5

NA
5 5 E 6
4 2 E 5
3 5 E 6
4 2 E 7
1 6E5
2 4 E 6
96E5

Hotspots^slsks xls Site Worker dermal RME 8/2' 1025AM



Attachment A 19-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R(D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100

EF
250
250
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70
70
70

AT
9125
9125
9125
9125
9125
9125
9125
9125
9125

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
1 3E1
22E+0
49E2

NA
NA
NA
NA
NA
NA

23E+0

Cancer
Risk

77E 6
1 3E4

NA
64E6
48E5
41E6
48E7
1 8E5
28E6
22E4

Hotspot 5A Risks xls Sits Worker oral RME 8/26/2003 1025AM



Attachment A 19 8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD08l)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed SKin (cm2/day) ,
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,,, = Averaging Time for Non Carcinogens (days)
R,D a = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF J/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFW | = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD i
003
003
003
003
003
003
003
003
003

AB
003
003

0
013
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70
70
70

AT
1 825
1 825
1 825
1 825
1825
1 825
1 825
1 825
1 825

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD0 ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E01
34E01

NTV
73E01
73E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
23E3
39E2
OOE+0

NA
NA
NA
NA
NA
NA

41E2

Cancer
Risk

28E8
47E7

NA
99E8
76E7
64E8
76E9
28E7
44E8
1 8E6

lisks xls Site Worker dermal CTE a/a 1025AM



Attachment A 19-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
RiDora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50
50
50

EF
250
250
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70
70
70

AT
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFra)

34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
64E2
1 1E-fO
25E2

NA
NA
NA
NA
NA
NA

1 2E+0

Cancer
Risk

77E7
1 3E5

NA
64E7
48E6
41E7
48E8
1 8E6
28E7
22E5

Hotspot 5A Risks xls Site Worker-oral CTE 8/26/2003 1025AM



Attachment A-19 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD ,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R(D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF aj)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF a, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03
03
03

AB
003
003

0
013
013
0 13
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF
12
12
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70
70
70

AT

10950
10950
10950
10950
10950
10950
10950
10950
10950

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF' ,
34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index
1 8E3
31E2
OOE+0

NA
NA
NA
NA
NA
NA

33E2

Cancer
Risk

1 3E7
22E6

NA
47E 7
36E 6
30E7
36E8
1 3E6
21E7
83E6

HotSI isks xls Trespasser dermal RME 0 1025AM



Attachment A 19 11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT e RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RiD rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100

EF
12
12
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70
70
70

AT
10950
10950
10950
10950
10950
10950
10950
10950
10950

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD |
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF™,
34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
61E 3
1 OE 1
24E3

NA
NA
NA
NA
NA
NA

1 1E 1

Cancer
Risk

44E 7
75E6

NA
37E7
28E6
24E7
28E8
1 OE6
1 6E7
1 3E5

Hotspot 5A R sks xts Trespasser oral RME 8/26/2003 1025AM



Attachment A 19 12
Current Trespasser/Site Visitor

__ Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfD „)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) {

i AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)

, EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D0,a) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFwal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFwai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fl uoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
7 1
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004
004
004

AB
003
003

0
0 13
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
6
6
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70
70
70

AT e

3285
3285
3285
3285
3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF al

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
73E 5
1 2E3
OOE+0

NA
NA
NA
NA
NA
NA

1 3E3

Cancer
Risk

1 6E 9
27E 8

NA
57E9
4 4 E 8
37E 9
44E 10
1 6E8
2 5 E 9
1 OE7

tSpOMM:sks xls Trespasser dermal CTE 3 1025AM



Attachment A-19-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD ̂

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ral)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ,„! = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E 6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50
50
50

EF
6
6
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70
70
70

AT

3285
3285
3285
3285
3285
3285
3285
3285
3285

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E 04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
34E 01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index
1 5E 3
26E2
59E4

NA
NA
NA
NA
NA
NA

28E2

Cancer
Risk

33E 8
56E7

NA
28E8
21E7
1 8E8
21E9
78E8
1 2E8
95E7

Hotspot 5A Risks xls Trespasser oral CTE 8/26/2003 1025AM



Attachment A 19 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
—COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

RfDEquation 1 HI = (CS CF AD AB SA^ EF ED M)/(BW Ha AT,,
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA^ = Surface Area of Exposed Skin for a Child (cm2/day)
SA«d = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED na = Exposure Duration for a Child (years)
ED d = Exposure Duration for an Adult (years)
BW Md = Body Weight for a Child (kg)
BW d | = Body Weight for an Adult (kg)
ATW - Averaging Time for Non Carcinogens (days)
R D „ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „, ((SA, u ED u/BW w )+(SAod

(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFw, = Oral Cancer Slope Factor (mg/kg/day)

EDdl/BW

1
Chemical

44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dtbenz(a h)anthracene
lndeno(l 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03
03
03

AB
003
003

0
013
013
013
013
013
013

SAgf, |d SAaduI EF ED ^ i ED d ^

1 913
1 913
1913
1913
1 913
1 913
1913
1 913
1913

3300
3300
3300
3300
3300
3300
3300
3300
3300

350
350
350
350
350
350
350
350
350

6
6
6
6
6
6
6
6
6

24
24
24
24
24
24
24
24
24

B W h d

15
15
15
15
15
15
15
15
15

B W d n ATnc

70
70
70
70
70
70
70
70
70

2190
2190
2190
2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfDBl

50E04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFra

34E01
34E01

NTV
73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index

0 1430819
24213863

0
NA
NA
NA
NA
NA
NA

26E+0

Cancer
Risk

52E6
87E5

NA
1 BE 5
1 4E4
1 2E5
1 4E6
53E5
81E6
33E4

Hotspot I B d 1 dermal RME UM003 1025AM



Attachment A 19 15
Hypothetical Future Resident

Estimated Risk for Ingestlon of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI - (CS CF IR^d EF ED „ d)/(BW „, ATTC RfD ,)
(hazard estimate assumes child only exposure)

Where HI - Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hid = Exposure Duration for a Child (years)
ED,<j i = Exposure Duration for an Adult (years)
BW HU = Body Weight for a Child (kg)
BW d | = Body Weight for an Adult (kg)
ATM = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xtO* kg/mg)
IRchM = Soil Ingestion Rate for a Child (mg/day)
IR d = Soil Ingestion Rate for an Adult (mg/day)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „, ((IR „», ED hlu/BW hId)+(lR „ , ED „ ,/BW „ »)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
H" = M B ag ng """•"« urCarcruyc v 5550uay /
SF | = Oral Cancer Slope Factor (mg/kg/day)

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E-6
1E-6
1E 6
1E-6
1E6
1E6
1E6
1E6

If hlld

200
200
200
200
200
200
200
200
200

I R d »
100
100
100
100
100
100
100
100
100

EF
350
350
350
350
350
350
350
350
350

EDwld

6
6
6
6
6
6
6
6
6

ED d ,
24
24
24
24
24
24
24
24
24

BWhlld

15
15
15
15
15
15
15
15
15

B W d »
70
70
70
70
70
70
70
70
70

ATno

2 190
2190
2190
2 190
2 190
2190
2190
2 190
2190

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550

Rto™,
50E 04
50E-04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
34E01
34E01

NTV
73E01
7 3E+00
73E-01
73E-02
7 3E+00
73E01

Total

Hazard
Index

1 7E+0
28E+1
64E 1

NA
NA
NA
NA
NA
NA

30E+1

Cancer
Risk

35E 5
59E 4

NA
29E 5
22E 4
1 8E5
2 2 E 6
8 1E 5
1 3E5
98E4

Hotspot 5A R sks ids Reside t-oral RME 8/26/2003 1025AM



Attachment A 19 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
—COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED d)/(BW ^ AT,,
(hazard estimate assumes child only exposure)

RID „,)

Where HI - Hazard Index (unitless)
CS = Concentration ol Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) r

SAsNu = Surface Area of Exposed Skin for a Child (cm2/day)
SA, - Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED,*!,,, = Exposure Duration for a Child (years)
ED a n = Exposure Duration for an Adult (years)
BW M = Body Weight for a Child (kg)
BW „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „ ((SA,™ ED JBW „ )+(SA.d ED d /BW )))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFo™ = Oral Cancer Slope Factor (mg/kg/day)

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthraoene
lndeno(1 2 3-cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004
004
004

AB
003
003

0
013
013
013
013
013
013

SA*
1 440
1 440
1 440
1 440
1 440
1 440
1 440
1 440
1 440

S A d ,

2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
350
350
350
350
350
350
350
350
350

EDhl

6
6
6
6
6
6
6
6
6

EDdul

3
3
3
3
3
3
3
3
3

I
BW ,d

15
15
15
15
15
15
15
15
15

B W d l

70
70
70
70
70
70
70
70
70

AT

2 190
2 190
2190
2190
2190
2190
2190
2190
2 190

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfDra

50E-04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFra

34E01
34E01

NTV
73E01
73E+00
73E01
73E02
73E 00
73E01

Total

Hazard
Index
1 4E 2
24E 1
OOE+0

NA
NA
NA
NA
NA
NA

26E 1

Cancer
Risk

24E7
4 1E 6

NA
86E7
65E6
5 5 E 7
6 5 E 8
24E6
38E7
1 5E5

Hotspot̂ t̂ek!ks Is Res de I dermal CTE 2003 1025AM



Attachment A 19 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR hw EF ED hod)/(BW hld AT^ RfD „,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED h»d = Exposure Duration for a Child (years)
ED d = Exposure Duration for an Adult (years)
BW „,„ = Body Weight for a Child (kg)
BW d , = Body Weight for an Adult (kg)
AT = Averaging Time lor Non-Carcinogens (days)
CF = Conversion Factor (1 x10"* kg/mg)
IRc M = Soil Ingestion Rate for a Child (mg/day)
IR d i, = Soil Ingestion Rate for an Adult (mg/day)
R,D ral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „, ((IR^ ED hM/BW hM)+(IR „ ED d ,,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time lor Carcinoye i ^a sou uay /
SF i = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
44 DDE
44 DOT
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3-cd)pyrene

CS
65

1100
151
25
19
16
19
71
11

CF
1E-6
1E-6
1E-6
1E6
1E6
1E6
1E-6
1E6
1E6

IR™
100
100
100
100
100
100
100
100
100

iR d B
50
50
50
50
50
50
50
50
50

EF
350
350
350
350
350
350
350
350
350

EDhlld

6
6
6
6
6
6
6
6
6

EDdll

3
3
3
3
3
3
3
3
3

BWhlu

15
15
15
15
15
15
15
15
15

BW d B

70
70
70
70
70
70
70
70
70

AT.

2190
2190
2190
2190
2190
2190
2 190
2 190
2 190

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD ,
50E-04
50E04
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,

34E-01
34E01

NTV
73E-01
7 3E+00
73E01
73E02
7 3E+00
73E-01

Total

Hazard
Index
83E 1
1 4E+1
32E 1

NA
NA
NA
NA
NA
NA

1 5E+1

Cancer
Risk

1 3E5
2 2 E 4

NA
1 1E5
80E5
67E6
80E7
30E5
4 6 E 6
3 6 E 4

Hotspot 5A R sks xls Res dent-o a! CTE 8/26/2003 1025AM



Attachment A-19-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 5A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial
1

i

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

014
1 2
1 3

0041
1 2
1 2

016
79
80

045
23
28

1 4E7
53E7
67E7

1 8E6
22E5
24E5

30E6
69E6
99E6

96E5
22E4
32E4

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

00013
0028
0029

026
15
15

0033
011
014

26
30
33

1 OE7
95E7
1 OE6

1 5E5
36E4
38E4

83E6
1 3E5
21E5

33E4
98E4
1 3E3

Hotspot 5A Risks xls Risk Summary 8/26/2003 1025AM



Attachment A 19 19
Excavation Worker Building 5 Hotspot 5A

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R 1 w W kgro p f Lead Adult Lead C mmittee

V si d te 05/19/03
I1

1 1,
: ' II ll I1 1
lit \ ! 1 «! '. ' I n '

I 1 , l l " ^

\4 i j ,

I

if. J33JESDGB••s^aaaai
1 —— 1 ————— U ——————— 1 ————————

PbS
RcUl/MKHUl

BKSF

GSD,
PbB0

IR
IRS40

ws
KSD

AFSD

EFSD

ATS.D
^TB ,̂

r I'bBr^ol

PbB *~

. : 080 • • • . . - • ' • • ' , •:;.•.". .'"• ••^i.;:,-. - .
fapmTffW ' . . :••• ' 'm»

X

X
X

X
X
X

X

X

X

•281
X
X
X

X
X

X
X

X

X
X

X

••••Descrip&oBlQGExposureaVafiableMBMM
S il lead trau
Felal/m temal PbB rau
B ki u SI pcFact

Geom in tandardd PbB
Basel PbB
S ll gesti rale (in 1 ding I de ed ind dus )
T tal gesu rale f idoo 1 and indoo d t
W ghu g facto fra f IRso gested as td 1
Mas fracu f 1 dust
Ab rpu fracu (sam f so 1 and dus )
Exp re freq y ( am f 1 and dus )
A rag g ura ( am f 1 and dust)

PbB f ad It w rit geom tn mean

95th p ree_ ti^ PbB among f nisei f dull w k re

Targ IPoBI d f CO «r (e.g 10 g/dL)

Pr b b Jity, that f tal PbB PbB assuml gl gn rmaldlstrtb U

F 1MHkV aiue3lfio3Noin1H'esidential|ExposureiSceiiarlolMI|

nHJUDlIS^BI l|KGfi>LWipjH0mB[^BGSlJl™HetH]|ltGSDir™]H mK

g/g ppm

g/dLpe
g / d y

g/dL
g/dy
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_
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%
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218
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61
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11%

9050
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1 1*7
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•ssDnnul
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012
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Eq u 1 does I pp ru DOS re betwee I and dust gesu (ex 1 des W K )
When IR IRj. andW l O l h e q u y l d t h sam

Equatl 1 has d Eq 1 2 I USEPA (1996)
PbB „, = (PbS BKSF IR AF EF /AT ) PbB |

PbB rttt|. s = PbB^ (GSD, " R) 1

Eq U 2 It rn t pp adi based Eq 1 2, d A 19 1 USEPA (1996)

PbB „, =

PbB f b > . 5 =

PbS BKSF*([(IR o) AF EF W ]+[K (Kj.

PbB.*,,, (GSD, "

) (1 W) AF

R)
EF ])/365 PbB

S urce US EPA (1996) R mmend d m rih Technical R I w W kg p f Lt d
f 1 terlm Approach t Assess! g Risks Assod ted with Ad It Exposures to Lead I S II Pnnlcd 03/15/2004 4-04 PM



Attachment A-19 20
Excavation Worker Building 5 Hotspot 5A

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA T ch leal R 1 w W kg oup f L ad Adult Lead Commltt

Versl d te 05/19/03

liHHBIHi
i ;v.$enE$KK- 'I
HMJS«tiMiaMi

PbS
Rftul/nrnom.

BKSF

GSD
PbB0

IRS

IRw>
Ws

KSD
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EFS.D
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HUHmm
X
X
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X
X

X
X
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X
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X
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B^M^BM^H^^BII^HH^z^KgflBl^niBB^ffl^ffinliiBIII^^^^^^HH
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B kin u SI pe Fact
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Baselin PbB
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T tal ingesu rale f id 1 and d d t
W ghu g fact fracu f 1R D gested as idoo so 1
Mass fra u f so 1 d 1
Absorpu r u (sam f land dust)
Exp ure freq y ( am f 1 and dus )

g/g ppm
_

g/dLpcr!
g /dy

g/dL
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g/d y
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A rag g m ( am f 1 and dust) || d ys/y

PbB fad Itw rk geom tri me || f^L

~ 95ttl p rce til PbB am ng r tuses f dulfw rker | gAL

Trg tPbBl el f cern(e.g lOug/dL) | ^^

Pr b blllty th t f tal PbB PbB assuml g 1 gn rmal dlstrlb d || %

Eq u 1 does 1 pponi p ure b twee I and dust g ( I des W K )
When IR IRs. and W 1 0 ih eq u s y Id Ih am PbB,^

1

Equatl 1 based Eq 1 2 1 USEPA (1996)
PbB dul = (PbS BKSF IR^ AFjj, EF /AT ) + PbB

PbB (d, , = pbBrf „ (GSD, u R)

Eq atlo 2 alt rn t pp oach based Eq 1 2 and A 19 1 USEPA (1996)
PbB >.. - PbS BKSF ([(IRs*D) AF EF W ]+[KSD (IR ) (1 W ) AF EF ])/365 PbB• •*** dul

PbB frt.,, m = PbB-ul, (GSD, " R)
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S urce US EPA (1996) R comm d U ns fth Technl a l R r l w W kg pf Led
f ^^^App ch I Assess! g Risks Assod ted with Ad It Exposu es to Lead I S II 115/2004 4 04 PM



Attachment A-19 21
Site Worker Building 5 Hotspot 5A

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R lew W kgroup t Lead Ad It Lead C mmlttee

V rsl n date 05/19/03

r- . - ' :' 1 • '.
1 -. .iWsraiQ
•Hiyi3£iag!.̂ m

PbS
RtaiVnmemn

BKSF

GSD
PbB0
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X

X
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T tal gesti rale f tdoo 1 and md d t
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Expos re freq y ( am f ] and dust)
A eraging m (am f so 1 and dus )

x PbB fad Itw rk geom tri rot

95th P ret tlj PbB am g r fuses f dult w rk rs
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Prob b lily th t f tal PbB PbB assumj g 1 gn rmal dlslrtb tj

•toBiEM
g/8 ppm

g/dLpe
g/d y

g/dL
g/dy

g/dy

d ys/y
d ys/y

g/dL

E/dL

•JJSwnKofel
17900

09
04

218
153

0050

012
219
365

41
133

6/dL 10 0

% I 1017

>rtlSon*ResidentiallKxpOTureIScenaTioTHOE
uaUuntim
KCSOnHelll

17900
09
04

2 18
1 53

0050

012
219
365

41

133

100

1017

BBtislngltlquaUon^ai
Ft;si)nu"nil

17900
09
04

2 18
153

0050
10
07

012
219
365

41

133

100

1017

BGSDfiCIHetS

17900
09
04

2 18
153

0050
10
07

0 12
219
365

41

133

100

10 17
Eq u 1 does t apporu up re betwee 1 and dust gesti ( 1 dcs W Ks )

Equall 1 based o Eq 1 2 I USEPA (1996)

PbB „ =
PbB ,ji0 5 =

Equatl 2 alt mate

PbB j,j =
PbB „,, 5 =

(PbS BKSF IRs. AF EF /AT „) + PbB

PbB*,,,, (GSD, " R)

ppro ch b sed Eq 1 2 and A 19 In USEPA (1996)
PbS BKSF»([(IR ) AF EF W ]+[K D (IR,. ) (1 W ) AF EFD])/365+PbB

PbB.*,, (GSD, m R)

S urce US EPA (1996) Recommend U IB flh Technical R vl w W kg p r U d
r an I terimApp acb to Assess! g Risks Assod ted with Adull Exposures to Lead I S [I Primed 03/15/2004 4 04 PM



Attachment A-19 22
Site Worker Building 5 Hotspot 5A

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R i w W k g p f L e d Adult Lead C mmlttee

V lond te 05/19/03

1 ' -u.
' , , ' E ' ' ' r ' U,i , , ,

i
1

1 1 i

IBttBBHBBHlJKijjiSSKfiiMiBBSBIî
ro^jijflliiiji

PbS
K- lal/miienul

BKSF

GSD
PbB0

IRs
IRs D
Ws

KSD

AFSD

EFSD

ATS.D
<fto«* *

•4X

PbBv

^(Pbljr^PbX)

X
X
X

X

X

X

X

X

X

jTiniiiHMiiiii i MI ii 1 1 iii T i 'il ' i'i i lilinili IliUiirirMln 'i iTin •
X

X
X

X

X

X

X

X

X

X

X

S il 1 d trail
F tal/m te al PbB rat, '
B k u SI peFacl

Ge m tandardd PbB
Basel PbB
S U ges rate ( 1 d g Id d mdoo d )
T tal gesl rate f id 1 and d dus
W ghti g fac fracti r IRS „ gesied as td 1
Mas frac f so 1 dust
Absorpti fra u (sam f 1 and d t)
Expos re Creq cy ( am f ] and d )
A crag g urn ( am f 1 d d i)

PbB r d Itw k gram trt me

95th p centtl ^PbB am ng f hues f dult w ik

7 g t PbB 1 el fco cern (tg. 10 g/dL)

Pr b blllly Ih t f tal PbB PbB assuml g 1 g rraal dJstnb a

g/g ppm

g/dLpe
g/dy

6/dL

g/d y
g/d y

d ys/y

d ys/y

g/dL

g/dL

g/dL

%

17900
09
04

2 18
I 53

0100

012
250
365

74

240

100

30.27

;.GSSfegBL llr (mtnanfcmu.'fflsraiisrm Jil
17900

09
04

2 18
1 53

0 100

0 12
250
365

74

240

100

3027

17900
09
04

2 18
1 53

0100
10
07

0 12
250
365

74

240

100

30.27

17900
09
04

2 18
1 53

0 100
10
07
012
250
365

74

240

100

3027
Eq u 1 doe i pp rti p re betwee so 1 and dust guu (u 1 des W K ) 1

Wh IR IR,. and W 1 0 Ih q ns y Id Ih am PbB, A 1

EquaU 1 based o Eq 1 21 USEPA (1996)

PbB (PbS BKSF IRj. AF EF /AT ) + PbB

PbB..

Eq atlo 2 alt rn t pp h based Eq 1 2 d A 19 I USEPA (1996)
PbS BKSF ([(IR ) AF EF W ]+ ) (1 W ) AF EF ])/365+PbB

(GSD, R)

U.S EPA (1996) R comm d U as ftti Technical R I w W kg pr U d
|App ch to Assess! g Risks Assod ted with Ad It Expos res to Lead I S il Pn^^mi5



Attachment A-19-23
Trespasser Building 5 Hotspot 5A

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re lew Workgroup fo Lead Adult Lead C mmlttee

Vent date 05/19/03

I 1

iHliaMBiB
PbS

*V tl/muenul
BKSF

GSD
PbB0

IRs
IRs«o
Ws

KSD
AFS.D
EFS.D
ATS.D

PbB^

EblW S5

PbB
P(PbB ujyPbB.)

X
X
X

X
X
X

X
X
X

itfM^K

X

X
X

X
X

X

X
X
X

X

X

^IH^t^Hl^l^^^^^lfe^BiUH^I^HHHHIHHI^I

S illead ce trati
Fetal/m temal PbB rail
B ki u SI peFac

Geom In standard d u PbB
Basel PbB
S il ges rate ( 1 d g Id d doo d I)
T tal gesti rate f doo 1 and d dust
W ghu g fact fra u f IRS.D ingested as id so 1
Mass f acu f so 1 dust
Absorp fra u (sam f so 1 and dus )
Exp ure freq en y ( am f 1 and dust)
A raging tim ( am f 1 and dust)

PbB f adult w rk geom trl mt

95th p rce dl PbB am ngf ruses f adult work rs

Targ IPbBI 1 fco cern (e.j 10 g/dL)

Pr bJbllltyUi If tal PbB PbB assuml gl gn rmaldlstrlb d

Hum^H
g/g ppm

g/dLpe
g / d y

g/dL

E/d y
g/d y

d ys/y
d ys/y

g/dL

E/dL

C/dL

%

mmssms
f5&%eiif5:fii

17900
09
04

218
153

0050

012
6

365

16

52

100

067

^jnTJBaliifei
•g^SBBtBlllGSDiSlH'̂ i

17900
09
04

2 18
153

0050

-

0 12
6

365

16

52

100
067

17900
09
04

2 18
153

0050
10
07
012

6
365

16

S3.

100
067

ScenarloBBIiiiiHl•bsDinnan
17900

09
04

2 18
153

0050
10
07
012

6
365

16
52

100
067

Equad I does t appom po re b twee soil and dust g ( I d W K )
Whc IR m ^ a n d W l O t h e q u n s y e l d t h am PbB, ^

Equatl 1 has d Eq 1 2 I USEPA (1996)

PbB (PbS BKSF IRj. AF EF /AT ) PbB
PbB Bri.i, (GSDi " R)

Equatlo 2 nltern t ppro ch based o Eq 1 2 d A 19 I USEPA (1996)

PbB ^
PbBfM,,.

il =

=

PbS BKSF*(((IRj. D) AFS E

1

F$ WS]H

^°idu 1

>[K D ORW

(GSD,«

)) d

R)

W ) AFD EFD]V365+PbB

S ur U^ EPA(199«) R comm nd U ra fth Technical R vl w W kg pf L d
f I terlm App oach t Assess! g Rlslu Assod ted with Ad It Exposures to Lead I S II Pn d 03/15/2004 4 04PM



Attachment A-19 24
Trespasser Building 5 Hotspot 5A
Reasonable Maximum Exposure

— St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA T h leal R ew W kgro p to Lead Adult L d C mmlltee

V rslo d I 05/19/03

ffSS^ftg^IJSftMiS; vmmmmiuamm®^

II.
!

1 I '

1

' 1 i ' 1 'l

i

i

1 ' ' 1

jaayalua^oRNon'RysrdgntialiExposurVS^nafio^
J^ggg|Sggm KHfl«iraowiMiii«!»f^^ v&BUBi

"• ilAruenu]
BKSF

GSD,
PbB0

IRs
IRSD

Ws

KSD

AFSD

EFS.D
ATS.D

PbB ,̂,

PbB(rtll aS,

PbB
P(PbBfcuji>PbB,)

m
X

X
X

I X

X
X

X
X

X

feaa
X

X
X

X
X

X
X
X
X
X
X

BBBBHfCe^ip^^l^Ex^uT^afilb'leWHRM
S ill ad ce u- u
F lal/m lemal PbB rau
B ki u SI p F 1

Ge m tr tandardd 11 PbB

Basel PbB
S il gesti rate ( 1 d g Id ed i d d i)
T la! gesu rale f idoo 1 and d dust
W gtm gfac fracli f IR gesiedas td 1

Mas fra u f so 1 dus
Ab rpu fracu (s ra r 1 and d i)
Exp uie freq y ( am f 1 and dus )
A g g l m ( a m f 1 and d t)

PbB f adult w rk geom tri mean

9Stn^peFcentlle PbB among f tuses f adult w rk n

•> TargtPbBI 1 fco m(e.g 10 g/dL)

Pr b blUty th t f tal PbB PbB ass ml g 1 gn ratal dlstrib U

B^asai
g/g ppm

g/dLp
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g/dL
g/d y

g/dy

d ys/y
d ys/y

g/dL

g/dL

g/dL

«

KcsgigHgml
17900
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0100

012
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U
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atcsiitigHsgi
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0 100

012
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365
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59

100
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jgspiBHoisa
17900
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0100
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365
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59
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10%

17900
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04 ,
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0100
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365
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Equau 1 doe i app ru p urc betwee 1 and dust g u ( 1 des W K }

Wh IR IRs. and W l O t h q u n s y l d t h a m PbB^ 1

Equall 1 has d Eq 1 2 I USEPA (1996)

PbB dol (PbS BKSF IR „ AF EFs/AT ) + PbB

PbB M, (GSD, R)

Equ U 2 II t ppro h b sed Eq 1 2 and A 19 I USEPA (1996)

I — , .FbB M=,..,
1 PbB,,.,. ,=

PbS BKSF*<[(IRs.,,) AF EF W ]+[K (IR D) (1 W ) AF

PbB.,,,,, (GSD, wi R)

EF ])/365+PbB

ce US EPA (1996) R comm d U ns fth Technical R v i w W k g p f L a d
i App ach t Assess! g Rl ks Assod ted with Ad It Expos res to Lead I S II Pnn^US[5/2004 4 04 PM



Attachment A-19-25
Hotspot 5A

Residential Exposure to Lead
Calculated Blood Lead and Lead Uptakes from IEUBK Model Software

St Louis Army Ammunition Plant
St Louis Missouri

[•H^^HBMMM||̂ MJ^M^H^M||̂ ^BMH^MHBMBItBKS^BKiliSiSm
ayaSJUtJBMLIBOi

5 1
1 2
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34
4 5
56
67

mmfcBBBi
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0034
0062
0067
0067
0093
0093

Bj^MIEI^SIll^^llll^JWMmmMm
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1 94
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H(ug/ji(f)il
0
0
0
0
0
0
0

;g(jjg/ag)B
0283
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0963
0999

KH9Aqay/)JI
2703
40793
42597
44363
36022
33627
32395

.... IMSG. f .m®® i
•(y.aigay/)!

29288
43439
45664
47481
39374
37315
36452

H(ugMl?)l
151
174
165
16

136
11 7
104



Attachment A 20 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 5B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 5B Surface Soil (0-0 5 feet BGS)

Hotspot 5B Combined Surface and Subsurface Soil (0-10 feet BGS)

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
LJicfeTizia'riyantrira'cen'eWO
lndeno(1 2 3 cd)pyrene

units
mg/kg
mg/kg
mg/kg

Minimum
Detect
0035
0024
0028

9m'ci/kqlC|&AO'OO t̂fl
mg/kg 0013

Maximum
Detect

1 6
13
17

Frequency o1
Detection

3/3
3/3
3/3

RME
1 6
13
1 7

CTE
067
054
070

Dermal
Absorption
(unitless)

013
013
013

Chronic

(mg/kg day)
NTV
NTV
NTV

(mg/kg day) '
73E01
73E+00
73E01

^®2SL>'-g®^'" JKffiM, \®®S? L"iCLD@ .k-KfiM.. •' :!8Sl58I!ri
08 3/3 080 033 013 NTV 73E-01

Background
089
074
063

-J/QfifsH
041 |

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot SB Risks ids Data 9/10/2003 852AM



Attachment A-20 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF0 a,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
1 6
1 3
1 7

020
080

CF
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

AT
84
84
84
84
84

AT

25550
25550
25550
25550
25550

RfDora,
NTV
NTV
NTV
NTV
NTV

SFor.

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

1 5E8
1 2E7
1 6E8
1 9E8
76E9
1 8E7

HotspoLSB Risks xls Excavation Worker dermal RME



Attachment A-20-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where <^R = Cancer Risk
ATC = Averaging Time for Carcinogens (25 550 days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
1 6
13
1 7

020
080

CF
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

AT
84
84
84
84
84

ATC

25550
25550
25550
25550
25550

RfD0 ,

NTV
NTV
NTV
NTV
NTV

SF0 ,
73E 01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

1 3E 8
1 1E7
1 4E8
1 6E8
65E9
1 5E7

Hotspot 5B Risks xls Excavation Worker oral RME 8/26/2003 1027AM



Attachment A-20 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
067
054
070
0087
033

CF
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

42
42
42
42
42

ATC

25550
25550
25550
25550
25550

RfDoa,

NTV
NTV
NTV
NTV
NTV

SF0 ,
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

43E 10
3 4 E 9

45E 10
56E 10
21E 10
51E9

Hotsp< Risks xls Excavation Worker dermal CTE 8/26/2003 1027AM



Attachment A-20-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfD0 J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
067
054
070
0087
033

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

42
42
42
42
42

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SFora|
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

82E 10
66E9
86E 10
1 1E9

4 1E 10
98E9

Hotspot SB Risks xls Excavation Worker oral CTE 8/26/2003 1027AM



Attachment A-20-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

AD AB
020 013

SA EF
3 300 250

ED
25

BW
70

ATnc ATe

9125 25550
RfDora,
NTV

SFora|
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

66E7
66E7

Hotsi Risks xls Site Worker-dermal RME 8/26/2003 1027AM5/2003 1



Attachment A-20-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF )/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

IR
100

EF
250

ED
25

BW
70

ATnc ATC

9125 25550
RfDora,

NTV
SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

77E7
77E7

Hotspot 5B Risks xls Site Worker oral RME 8/26/2003 1027AM



Attachment A-20-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg) >

CF = Conversion Factor (1 x 1 0 6 kg/mg) ,'
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

AD AB
003 013

SA EF
2000 250

ED
5

BW
70

ATnc ATC

1 825 25 550

RfDoral

NTV
SFora(

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 2E8
1 2E8

HotspotSB Risks xls Site Worker dermal CTE 8 / 2 6 / 2 0 1 0 27 AM20^1•



Attachment A-20-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = 'CS CF IR EF ED SF WBW AT \

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDora,
NTV

SForai
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

77E 8
77E8

Hotspot 5B Risks xls Site Worker oral CTE 8/26/2003 1027AM



Attachment A-20-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
1 CS = Concentration of Chemical in Soil (mg/kg) '

CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days) '
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

AD
03

AB
013

SA EF
3300 12

ED
30

BW
70

AT AT RfD .**'nc «ic "'"oral

10950 25550 NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

57E8
57E8

Hotspq^B Risks xls Trespasser dermal RME 8/26/2002 1027AMraom 1



Attachment A-20-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF WfBW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

IR
100

EF
12

EO
30

BW
70

ATnc ATC

10950 25550
RfDoral
NTV

SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

44E8
4 4 E 8

Hotspot 5B Risks xls Trespasser oral RME 8/26/2003 10 27 AM



Attachment A-20-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot SB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATc = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1 '

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

AD AB
004 013

SA EF
2000 6

ED
9

BW
70

ATnc ATC

3285 25550
RfDora,

NTV
SF0ral

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

69E 10
69E 10

Hotspot 58 Risks xls Trespasser-dermal CTE 8/26/2003 1027AM'2003 11



Attachment A-20-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF , )/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATnc ATe

3 285 25 550
RfDoral

NTV
SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

33E 9
33E9

Hotspot SB Risks xls Trespasser oral CTE 8/26/2003 1027AM



Attachment A-20 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED Mla)/(B\Nch]M AT^ RfD ^
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
I CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1x10"* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchnj = Surface Area of Exposed Skin for a Child (cmz/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cmz/day)
EF = Exposure Frequency (days/year)
EDcHhj = Exposure Duration for a Child (years)
EDM i, = Exposure Duration for an Adult (years)
BW^no = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
AT,,. = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ^ ((SA^ ED hi,d/BWchlld)+(SA d „ ED d ,/BW „ ,,)))/(AT
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF0 | = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

AD
03

AB
013

SA „„„ SA d „ EF ED „„„ ED „ „
1913 3300 350 6 24

BWhlld BWd l l

15 70
AT AT
2190 25550

RfD ,
NTV

SF ,
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

22E6
22E6

HotspoLSMisks xls Resident dermal RME _^ .̂ 8/26flifi2 1027AM



Attachment A-20-15
Hypothetical Future Resident

V Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI =£C&gftnfau EF EDchld)/(BWchld ATTO RfDoal)
(hazafd^estimate assumes child only exposure)

Whefl Hi = Hazard Index (unitless)
j= Concentration of Chemical in Soil (mg/kg)
^Exposure Frequency (days/year)

= Exposure Duration for a Child (years)
••'ED am, = Exposure Duration for an Adult (years)
»BW hld = Body Weight for a Child (kg)
BWad lt = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)

17^ -fiTCF = Conversion Factor (1 x10 kg/mg)
IRchid = Soil Ingestion Rate for a Child (mg/day)f*
IRad n = Soil Ingestion Rate for an Adult (mg/day)
R|D0 i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchId EDchld/BWchld)+(IR d „ EDad ,,/BW d R)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

IRchlld

200

IRad II EF

100 350

EDehnd EDad |,
6 24

BWchlld BWadll

15 70
AT c ATC

2190 25550

RfD0 ,
NTV

SF0 ,
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

34E6
3 4 E 6

Hotspot SB Risks xls Resident oral RME 8/26/2003 1027AM



Attachment A-20 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 5B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation! HI = (CS CF AD AB SAchld EF ED ̂ /(BW^ AT RfD «,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless) :
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchiuj = Surface Area of Exposed Skin for a Child (cm2/day)
SAad i, = Surface Area of Exposed Skin for an Adult (cmz/day)
EF = Exposure Frequency (days/year)
EDcMid = Exposure Duration for a Child (years)
ED a n = Exposure Duration for an Adult (years)
BWtfK, = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((SA^ EDchw/BWchld)-f(SA „ B ED d ,,/BW dult)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)'

Hazard Cancer
Chemical CS CF AD AB SA^ia SA „ „ EF EPch|,d ED d „ BW hMd BW d „ AT AT RfD0 , SF , Index Risk

Benzo(a)pyrene 030 1E 6 ' 004 013 1 440 2000 350 6 3 15 70 2190 25550 NTV 73E+00 NA 1 OE 7
Total 0 OE+0 1 OE 7

HotspotsaRisks xls Resident dermal CTE — 8/26/2003 1027AM



Attachment A 20-1 7
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot SB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDchld)/(BWchlld ATTO RfDoal)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDcMd = Exposure Duration for a Child (years)
EDad |t = Exposure Duration for an Adult (years)
BWchid = Body Weight for a Child (kg)
BWadu,, = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 X10"6 kg/mg)
IR hw = Soil Ingestion Rate for a Child (mg/day)
IRaouit = Soil Ingestion Rate for an Adult (mg/day)
R,Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchld ED hw/BWch ,„)+(! R
(cancer risk assumes child + adult exposure)

EDadul/BW d ,,)))/(AT

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora) = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
030

CF
1E6

IR hlld

100

IR d it
50

EF
350

ED „„„ ED „ „
6 3

BWhlld B W d l t

15 70

AT
2190

AT
25550

RfDral

NTV
SFra,

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 3E 6
1 3E6

Hotspot SB Risks xls Resident oral CTE 8/26/2003 10 27 AM



Attachment A-20-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 5B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

-
Hazard

CTE
Index

RME
Cancer

CTE
Risk

RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

51E9
9 8 E 9
1 5E8

1 2E8
77E8
88E 8

1 8E7
1 5E7
33E7

66E7
77E7
1 4E6

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion -
Total

Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

69E 10
33E9
40E9

1 OE7
1 3E6
1 4E6

57E8
44E8
10E7

22E6
34E6
56E6

Hotspot 5B Risks xls Risk Summary 8/26/2003 1027AM



Attachment A 21 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 6 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 6 Surface Soli (0-0 5 feet BGS)

hemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Di rmal
Absorption
(unitless)

Chronic
FKDoKd

(mg/kg-day) (mg/kg day) ' Background
4 4' DOT mg/kg 00062 6/7

Beryllium
Mercury

mg/kg
mg/kg

7/7
6/7

091

1 2
094

038

097
052

003

~0~
0

50E-04•m
20E03
30E04

34E 01

NTV
NTV

1 01
015

Hotspot 6 Combined Surface and Subsurface Soil (0-10 feet BGS)

Beryllium
Chromium
Mercury

UKresenUatlPacKgr
NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 6 Risks xls Data 9/10/2003 852AM



Attachment A-21-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg) i
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ̂  = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Chromium
Mercury

CS
1 8
1 2
26

063

CF
1E6
1E6
1E6
1E6

AD
09
09
09
09

AB
003

0
0
0

SA
3300
3300
3300
3300

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

A T C

84
84
84
84

ATC

25550
25550
25550
25550

RfD0 ,
50E04
50E03
20E02
30E03

SFoal

34E01
NTV
NTV
NTV

Total

Hazard
Index
33E3
OOE+0
OOE+0
OOE+0
33E3

Cancer
Risk

1 8E9
NA
NA
NA

1 8E9

Hotspj isks xls Excavation Worker dermal RME 8/26/; 1041 AM



Attachment A-21-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Chromium
Mercury

CS
1 8
1 2
26

063

CF
1E6
1E6
1E6
1E6

IR
330
330
330
330

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

WDoral

50E04
50E03
20E02
30E03

SForal

34E01
NTV
NTV
NTV

Total

Hazard
Index
1 2E2
8 1 E 4
4 4 E 3
71E4
1 8E2

Cancer
Risk

68E9
NA
NA
NA

68E9

Hotspot 6 Risks xls Excavation Worker oral RME 8/26/2003 10 41 AM



Attachment A-21-4
Future Excavation/Construction Worker

_ Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hots pot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Chromium
Mercury

CS
075
1 0
24

032

CF
1E6
1E6
1E6
1E6

AD
02
02
02
02

AB
003

0
0
0

SA
2000
2000
2000
2000

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATe

25550
25550
25550
25550

RfDoral
50E04
50E03
20E02
30E03

SFora|
34E01

NTV
NTV
NTV

Total

Hazard
Index
1 8E4
OOE+0
OOE+0
OOE+0
1 8E4

Cancer
Risk

51E 11
NA
NA
NA

51E 11

Hotspot (LRisks xls Excavation Worker-dermal CTE 8/26/2003 1041 AM



Attachment A-21-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Chromium
Mercury

CS
075
1 0
24

032

CF
1E6
1E6
1E6
1E6

IR
100
100
100
100

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDoral

50E04
50E03
20E02
30E03

SForai
34E01

NTV
NTV
NTV

Total

Hazard
Index
1 5E3
20E4
1 2E3
1 1E4
31E3

Cancer
Risk

43E 10
NA
NA
NA

43E 10

Hotspot 6 Risks xls Excavation Worker oral CTE 8/26/2003 1041 AM



Attachment A-21-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Mercury

CS
091
1 2

094

CF
1E6
1E6
1E6

AD AB
020 003
020 0
020 0

SA EF
3 300 250
3 300 250
3 300 250

ED
25
25
25

BW
70
70
70

ATnc ATC

9125 25550
9125 25550
9125 25550

RfDora,
50E04
20E03
30E04

SFoal

034
NTV
NTV

Total

Hazard
Index
3 5 E 4
OOE+0
OOE+0
35E4

Cancer
Risk

21E8
NA
NA

21E8

Hotspot^Risks xls Site Worker-dermal RME 8/26/2QQ3 1041 AM>/20Q3 1



Attachment A-21 -7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"8 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
44 DOT
Beryllium
Mercury

CS
091
1 2

094

CF
1E6
1E6
1E6

IR
100
100
100

EF
250
250
250

ED
25
25
25

BW
70
70
70

ATnc

9125
9125
9125

ATC

25550
25550
25550

RfDoral

50E04
20E03
30E04

SForal

034
NTV
NTV

Total

Hazard
Index
1 8E3
59E4
31E3
54E3

Cancer
Risk

1 1E7
NA
NA

1 1E7

Hotspot 6 Risks xls Site Worker-oral RME 8/26/2003 10 41 AM



Attachment A-21-8
Future Industrial/Commercial Worker

- - Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Doral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 aj = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Mercury

CS
038
097
052

CF
1E6
1E6
1E6

AD AB
0 03 0 03
003 0
003 0

SA EF
2 000 250
2000 250
2 000 250

ED
5
5
5

BW
70
70
70

ATne ATC

1 825 25 550
1 825 25 550
1 825 25 550

RfDoa,

50E04
20E03
30E04

SForal

034
NTV
NTV

Total

Hazard
Index
1 3E5
OOE+0
OOE+0
1 3E5

Cancer
Risk

1 6E 10
NA
NA

1 6E10

Hotsp^ft:isks xls Site Worker dermal CTE 8/26/2^a 11041 AM



Attachment A-2 1-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATTO = Averaging Time for Non Carcinogens (days)

i = Ofal Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
44 DOT
Beryllium
Mercury

CS
038
097
052

CF
1E6
1E6
1E6

IR
50
50
50

EF
250
250
250

ED
5
5
5

BW
70
70
70

ATnc

1 825
1 825
1 825

ATe

25550
25550
25550

RfDora.

50E04
20E03
30E04

SFoal

034
NTV
NTV

Total

Hazard
Index
37E4
24E4
85E4
1 5E3

Cancer
Risk

45E 9
NA
NA

4 5 E 9

Hotspot 6 Risks xls Site Worker-oral CTE 8/26/2003 1041AM



Attachment A-21 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hots pot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) |

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Ofal Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Mercury

CS
091
1 2

094

CF
1E6
1E6
1E6

AD
03
03
03

AB
003

0
0

SA EF
3300 12
3300 12
3300 12

ED
30
30
30

BW
70
70
70

ATnc ATC RfDoral

10950 25550 5 OE 04
10950 25550 2 OE 03
10950 25550 3 OE 04

SFoal

034
NTV
NTV

Total

Hazard
Index
25E5
OOE+0
OOE+0
25E5

Cancer
Risk

1 8E9
NA
NA

1 8E9

Hots lisks xls Trespasser dermal RME 8/26/2Q03 10 41 AM



Attachment A-21-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATp,. = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Mercury

CS
091
1 2

094

CF
1E6
1E6
1E6

IR
100
100
100

EF
12
12
12

ED
30
30
30

BW
70
70
70

ATnc

10950
10950
10950

ATC

25550
25550
25550

RfDoral

50E04
20E03
30E04

SForai
034
NTV
NTV

Total

Hazard
Index
85E5
28E5
1 5E4
26E4

Cancer
Risk

62E9
NA
NA

62E9

Hotspot 6 Risks xls Trespasser oral RME 8/26/2003 1041 AM



Attachment A-21 -12
Current Trespasser/Site Visitor

_ - _ Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora!)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in1 Soil (mg/kg)

i CF = Conversion Factor (1 x 108 kg/mg)
I AD = Adherence Factor for Soil (mg/cm2)

AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDora| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Mercury

CS
038
097
052

CF
1E6
1E6
1E6

AD AB
0 04 0 03
004 0
004 0

SA EF
2000 6
2000 6
2000 6

ED
9
9
9

BW
70
70
70

ATnc ATC

3285 25550
3285 25550
3285 25550

RfDoa,
50E04
20E03
30E04

SForal

034
NTV
NTV

Total

Hazard
Index
43E7
OOE+0
OOE+0
43E7

Cancer
Risk

94E 12
NA
NA

94E 12

Hotspot^flisks xls Trespasser dermal CTE 8/26/2' 1041 AM



Attachment A-21 -13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATTO RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x1 0 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
44 DOT
Beryllium
Mercury

CS
038
097
052

CF
1E6
1E6
1E6

IR
50
50
50

EF
6
6
6

ED
9
9
9

BW
70
70
70

ATnc

3285
3285
3285

ATC

25550
25550
25550

RfDoral

50E04
20E03
30E04

SForai
034
NTV
NTV

Total

Hazard
Index
89E6
57E6
20E5
35E5

Cancer
Risk

20E 10
NA
NA

20E 10

Hotspot 6 Risks xls Trespasser-oral CTE 8/26/2003 1041 AM



Attachment A-21 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below GFound Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED wld)/(BW hld AT^ RfD
(hazard estimate assumes child only exposure)

i)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchiu = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hM = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BW hkl = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
RfDo,ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „ ((SA,™ ED hlld/BW hild)+(SA d „ ED
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFofa, = Oral Cancer Slope Factor (mg/kg/day) '

lt/BW „ ,,)))/(AT ]

Chemical
44 DOT
Beryllium
Mercury

CS
091
1 2

094

CF
1E6
1E6
1E6

AD AB
03 003
03 0
03 0

SAjhud SA,d ii EF ED hna
1 913
1 913
1 913

3 300 350
3 300 350
3 300 350

6
6
6

EDdult

24
24
24

BW hlld

15
15
15

BW „ „ ATno AT RfD ,
70
70
70

2190 25550 5 OE 04
2190 25550 2 OE 03
2190 25550 3 OE 04

Hazard
SF ra, index
034 000200315
NTV 0
NTV 0

Total 2 OE 3

Cancer
Risk

72E8
NA
NA

72E8

Hotspottmisks xls Resident dermal RME 1041 AM



Attachment A-21 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF ED^MBVJ^u ATTC RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDcHio = Exposure Duration for a Child (years)
ED d n = Exposure Duration for an Adult (years)
BW,.,,,,, = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
AT,,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IFIchw = Soil Ingestion Rate for a Child (mg/day)
IR d I, = Soil Ingestion Rate for an Adult (mg/day)
R,DoraJ = Oral Reference Dose (mg/kg/day)

2 CR = tr<5 PF EF SF _ MR^ ED,, /BW,.. )+im
(cancer risk assumes child + adult exposure)

ED ,/BW NWAT

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Mercury

CS
091
1 2

094

CF
1E6
1E6
1E6

'" hlld

200
200
200

l R d «
100
100
100

EF
350
350
350

ED hlld

6
6
6

EDdl,
24
24
24

BWhlId BW d l t

15 70
15 70
15 70

AT AT RfD „,
2190 25550 50E04
2190 25550 2 OE 03
2190 25550 3 OE 04

SF ,
034
NTV
NTV

Total

Hazard
Index
23E 2
77E3
40E2
71E2

Cancer
Risk

48E 7
NA
NA

48E7

Hotspot 6 Risks xls Resident o al RME 8/26/2003 1041 AM



Attachment A 21 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfDwal)Equation 1 HI = (CS CF AD AB SA^ EF ED HU)/(BWMa AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAjhUd = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hil(1 = Exposure Duration for a Child (years)
ED^ = Exposure Duration for an Adult (years)
BW hlld = Body Weight for a Child (kg)
BW a „ = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D a = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SFwa, ((SA-hlld ED hlld/BW hild)+(SA d „ ED
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFoH,, = Oral Cancer Slope Factor (mg/kg/day) 1

,/BW d lt)))/(AT )

Chemical CS CF AD AB SA,d „ EF ED,'child
Hazard Cancer

EDd l t BWhlld BW d l , AT AT RfD ral SF , Index Risk
44 DOT
Beryllium
Mercury

038
097
052

1E6
1E6
1E6

0 04 0 03
004 0
004 0

1 440
1 440
1 440

2 000 350
2 000 350
2 000 350

6
6
6

3
3
3

15
15
15

70
70
70

2190 25550
2190 25550
2190 25550

50E04
20E03
30E04

034
NTV
NTV

Total

84E5
OOE+0
OOE-t-0
84E5

1 4E9
NA
NA

1 4E9

spdMte*iks xls Resident dermal CTE 1041 AM



Attachment A 21 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 6 Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFU,, EF EDchlld)/(BWchild AT RfDOIBl)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchinj = Exposure Duration for a Child (years)
EDad i, = Exposure Duration for an Adult (years)
BWehl|d = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 X10"6 kg/mg)
IRcMd = Soil Ingestion Rate for a Child (mg/day)
IR d i, = Soil Ingestion Rate for an Adult (mg/day)
RfD0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF ra, ({IR hld EDchld/BWchId)+(IR „ „ ED „ ,,/BW d ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
44 DOT
Beryllium
Mercury

CS
038
097
052

CF
1E6
1E6
1E6

IR hlld

100
100
100

IR d It

50
50
50

EF
350
350
350

ED „„„ ED „ „
6 3
6 3
6 3

BWhlld BWd l l

15 70
15 70
15 70

AT
2190
2190
2190

AT
25550
25550
25550

RfD ,
50E04
20E03
30E04

SF ,
034
NTV
NTV

Total

Hazard
Index
4 9 E 3
31E3
1 1E2
1 9E2

Cancer
Risk

75E 8
NA
NA

75E8

Hotspot 6 Risks xls Resident oral CTE 8/26/2003 1041 AM



Attachment A-21 -18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 6 Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
digestion
Total

Worker
Dermal
Ingestion
Total

000018
00031
00033

0000013
00015
00015

00033
0018
0021

0 00035
00054
00058

51E 11
43E 10
48E10

1 6E 10
45E9
47E9

1 8E9
68E9
86E9

21E8
1 1E7
1 3E7

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0 00000043
0 000035
0 000035

0 000084
0019
0019

0 000025
0 00026
0 00029

00020
0071
0073

94E 12
20E 10
20E10

1 4E9
75E8
76E8

1 8E9
62E9
81E9

72E8
48E7
56E7

Hotspot 6 Risks xls Risk Summary 8/26/2003 10 41 AM



Attachment A 22 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 7A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 7A Surface Soil (0-0 5 teet BGS)

NE
N
NTV

73E01
73E+00
73E01

Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)lluoranthene

Hotspot 7A Combined Surface and Subsurface Soil (0-10 feet BGS)

Chemical units
Minimum
Detect

Maximum
Detect

Frequency of
Detection

Dermal
Absorption
(unrtless)

Chronic

PCB 1254

Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

ndeno(1 2 3-cd)pyrene || mg/kg

mg/kg

i
mg/kg
mg/kg
mg/kg
mg/kg

0016

22
0002
0003
0005

0001

42
38
28
4

6/22

21/21
19/21
19/21
19/21

0
013
0 13
0 13mm 3-QGSE

1 7 | 18/21 | 0 91 | 0 46013 NTV

NE Not evaluated quantitatively
NTV No toxicity value

IRIS recommends using a slope factor of 2 0 for RME and 1 0 for CTE

Hotspot 7A R sks xls D ta 9/KV2003 852AM



Attachment A-22 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD a)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) , '
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFOTal)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
Spaa, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
013
32
1 6
1 1
1 4

0087
091

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09
09
09

AB
014

0
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF E
60
60
60
60
60
60
60

D BW
70
70
70
70
70
70
70

AT
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550

RfDral

50E05
20E02

NTV
NTV
NTV
NTV
NTV

SF ,
2 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 1E2
OOE+0

NA
NA
NA
NA
NA

1 1E2

Cancer
Risk

36E 9
NA

1 5E8
1 OE7
1 3E8
82E9
8 6 E 9
1 5E7

Hotspot Z^lsks xls Excavator) Worker da mal RME>o^ l̂s 8/2' 437PM



Attachment A-22 3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD „)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 oays)
SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
013
32
16
1 1
1 4

0087
091

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330

EF ED
60 1
60 1
60 1
60 1
60 1
60 1
60 1

BW
70
70
70
70
70
70
70

ATe

84
84
84
84
84
84
84

ATe

25550
25550
25550
25550
25550
25550
25550

RfDral

50E05
20E02

NTV
NTV
NTV
NTV
NTV

SForal

2 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
88E3
54E3

NA
NA
NA
NA
NA

1 4E2

Cancer
Risk

29E 9
NA

1 3E8
89E8
1 1E8
70E9
74E9
1 3E7

Hotspot 7A Risks xls Excavation Worker-oral RME 8/26/2003 4 37 PM



Attachment A-22 4
Future Excavation/Construction Worker

^ EstimatedJRisk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTC RfD J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) i
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
R,D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF /̂(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0095

30
076
051
071

0061
046

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02
02
02

AB
014

0
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1

BW
70,
70
70
70
70
70
70

i
AT
42
42
42
42
42
42
42

ATe

25550
25550
25550
25550
25550
25550
25550

RfDral

50E05
20E02

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 1E3
OOE+0

NA
NA
NA
NA
NA

1 1E3

Cancer
Risk

89E 11
NA

48E 10
32E9
45E 10
39E10
29E 10
50E9

Hotspolo^Misks xls Excavation Worker dermal CTE 8/26aCp3 4 37 PM



Attachment A-22-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfD0J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = A /e aging "Hmo fnr Parrmogens <25
SF ra! = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0095

30
076
051
071

0061
046

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
30
30
30
30
30
30
30

ED
1
1
1
1
1
1
1

BW
70
70
70
70
70
70
70

AT C

42
42
42
42
42
42
42

ATC

25550
25550
25550
25550
25550
25550
25550

RfDoral

50E05
20E02

NTV
NTV
NTV
NTV
NTV

SFoal

1 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 9E3
1 5E3

NA
NA
NA
NA
NA

35E3

Cancer
Risk

1 6E 10
NA

93E 10
6 2 E 9

87E 10
75E 10
56E 10
95E9

Hotspot 7 A Risks xls Excavation Worker-oral CTE 8/26/2003 4 37 PM



Attachment A-22 6
Future Industrial/Commercial Worker

Estimated Risk lor Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW RfD

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed iSkm (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra,)/(BW ATC)

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SF „,! = Oral Cancer Slope Factor (mg/kg/day) 1

I
iChemlcal

PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
014
38
34
22
31
019
1 4

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020
020
020

AB
014

0
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT
9125
9125
9125
9125
9125
9125
9125

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
2 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
63E3
OOE+0

NA
NA
NA
NA
NA

63E3

Cancer
Risk

90E8
NA

74E7
48E6
68E7
42E7
31E7
71E6

Hotspotot^ l̂sks xls Site Worker dermal RME 8/2' 437PM



Attachment A-22-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 davs)
SForal = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0 14
38
34
22
31
019
1 4

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70

AT

9125
9125
9125
9125
9125
9125
9125

ATC

25550
25550
25550
25550
25550
25550
25550

RfDora,

20E 05
30E03

NTV
NTV
NTV
NTV
NTV

SFoal

2 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
68E 3
1 2E2

NA
NA
NA
NA
NA

1 9E2

Cancer
Risk

98E8
NA

87E7
56E6
79E7
4 8 E 7
36E7
82E6

Hotspot 7A Risks xls Site Worker oral RME 8/26/2003 4 37 PM



Attachment A-22 8
Future Industrial/Commercial Worker

„ ^Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10* kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) '

i SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0080

32
1 3
1 1
1 5

012
066

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003
003
003

AB
014

0
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

AT
1 825
1 825
1 825
1 825
1 825
1 825
1 825

ATe

25550
25550
25550
25550
25550
25550
25550

RfD |
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
33E4
OOE+0

NA
NA
NA
NA
NA

33E4

Cancer
Risk

47E 10
NA

52E9
4 4 E 8
60E9
48E9
26E9
63E8

Hotspot T^JIsks xls Site Worker dermal CTEotT^lsl 8/2' 437PM



Attachment A-22-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW RfD

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"* kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
bForai = Urai Cancer Slope Facior

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0080

32
13
1 1
15

012
066

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70

A T C

1 825
1 825
1 825
1 825
1 825
1 825
1 825

ATe

25550
25550
25550
25550
25550
25550
25550

RfDor.1

20E05
30E03

NTV
NTV
NTV
NTV
NTV

SForal

1 OE+00
NTV

73E01
7 SE-t-00
73E01
7 3E+00
73E01

Total

Hazard
Index
20E3
52E3

NA
NA
NA
NA
NA

72E3

Cancer
Risk

28E 9
NA

33E8
28E7
38E8
31E8
1 7E8
40E7

Hotspol 7A Risks xls Site Worker-oral CTE 8/26/2003 4 37 PM



Attachment A-22 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)

I SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF rai)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF raj = Oral Cancer Slope Factor (mg/kg/day)1

II
Chemical

PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
014
38
34
22
31
019
1 4

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03
03
03

AB
014

0
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300

EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

AT
10950
10950
10950
10950
10950
10950
10950

AT
25550
25550
25550
25550
25550
25550
25550

RfD |
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SFra,
2 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
46E4
OOE+0

NA
NA
NA
NA
NA

46E4

Cancer
Risk

78E9
NA

64E8
42E7
59E8
36E8
26E8
61E7

HotspotItJgftSisks xls Trespasser dermal RME 8/2^M3 437PM



Attachment A-22-1 1
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = A /o ag ng Time 'or Parnnogens (25 550
SF ra, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
014
38
34
22
31
019
1 4

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100

EF
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70

AT
10950
10950
10950
10950
10950
10950
10950

ATe

25550
25550
25550
25550
25550
25550
25550

RfD0 ,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
2 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
33E 4
59E4

NA
NA
NA
NA
NA

9 2 E 4

Cancer
Risk

56E 9
NA

50E8
32E7
4 6 E 8
2 8 E 8
21E8
47E7

Hotspot 7A Risks xls Trespasser oral RME 8/26/2003 4 37 PM



Attachment A-22 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD „,)

Where HI = Hazard Index (umtless)
I CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D ^ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF rai)/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3 cd)pyrene

CS
0080

32
1 3
1 1
1 5

012
066

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004
004
004

AB
0 14

0
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000

EF
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70

AT
3285
3285
3285
3285
3285
3285
3285

AT
25550
25550
25550
25550
25550
25550
25550

RfO i
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
1 1E 5
OOE+0

NA
NA
NA
NA
NA

1 1E5

Cancer
Risk

27E 11
NA

30E 10
25E9

34E 10
28E 10
1 5E 10
36E9

HotspotJ*fiJsks xls Trespasser dermal CTE 8/2i 437PM



Attachment A-22-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATTO RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 X10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = A o aging "Hfe fnr Car<~inogen<5 '2^
SF ^ = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
0080

32
1 3
1 1
1 5

012
066

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50

EF
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70

AT C

3285
3285
3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550
25550
25550

RfDora,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SForal

1 OE+00
NTV

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
47E5
1 3E4

NA
NA
NA
NA
NA

1 7E4

Cancer
Risk

1 2E 10
NA

1 4E 9
1 2E 8
1 7E 9
1 3E9

73E 10
1 7E8

Hotspot 7A Risks xls Trespasser oral CTE 8/26/2003 4 37 PM



Attachment A 22 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
—COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SAc „ EF ED hid)/(BW hud AT,,
(hazard estimate assumes child only exposure)

RfD „,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"* kg/mg)
AD = Adherence Factor tor Soil (mg/cm2)
AB = Absorbed Fraction (unitless)

' SAch,,! = Surface Area of Exposed Skin for a Child (cm2/day)
SA,d |, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hid = Exposure Duration for a Child (years)
ED d | = Exposure Duration for an Adult (years)
BW M = Body Weight for a Child (kg)
BW „ , = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
RfD = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „, ((SA,. M ED hli/BW hld)+(SA
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF | = Oral Cancer Slope Factor (mg/kg/day)

ED d ,/BW „ ,,)))/(AT )

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

!

CS
014
38
34
22
31
019
1 4

CF
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6

AD
03
03
03
03
03
03
03

AB
014

0
013
0 13
013
013
013

SAcMid

1 913
1 913
1 913
1 913
1 913
1 913
1 913

SA.dK

3300
3300
3300
3300
3300
3300
3300

EF EDhlld

350
350
350
350
350
350
350

6
6
6
6
6
6
6

EDdl t

24
24
24
24
24
24
24

BW hlld

15
15
15
15
15
15
15

B W d M AT™
70
70
70
70
70
70
70

2190
2190
2190
2190
2190
2190
2190

AT

25550
25550
25550
25550
25550
25550
25550

RfD ,

20E-05
30E-03

NTV
NTV
NTV
NTV
NTV

SF,.,
2 OE+00

NTV
73E01
7 3E+00
73E-01
7 3E+00
73E01

Total

Hazard
Index

0 03595392
0

NA
NA
NA
NA
NA

36E 2

Cancer
Risk

31E7
NA

25E-6
1 6E 5
23E6
1 4E6
1 OE6
2 4 E 5

Hotspot 7A Risks xls Reside t dermal RME 8/26^003 4 37 PM



Attachment A 22 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFUd EF ED hN(J)/(BW hlw AT^ RfDwa,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED h|ld = Exposure Duration for a Child (years)
ED3d it = Exposure Duration for an Adult (years)
BW h,,d = Body Weight for a Child (kg)
BW „ „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchia = Soil Ingestion Rate for a Child (mg/day)
IR d „ = Soil Ingestion Rate for an Adult (mg/day)

Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFwal ((IFUd ED WW/BW hld)+(IR
(cancer nsk assumes child + adult exposure)

[ ED „ ,/BW „ ,,)))/(AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFo, | = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)f!uoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
014
38
34
22
31
019
1 4

CF
1E 6
1E6
1E6
1E6
1E6
1E-6
1E-6

'" hlld

200
200
200
200
200
200
200

IRduU

100
100
100
100
100
100
100

EF
350
350
350
350
350
350
350

ED h,id
6
6
6
6
6
6
6

ED d l

24
24
24
24
24
24
24

BW hlld

15
15
15
15
15
15
15

BWd l l

70
70
70
70
70
70
70

AT.
2 190
2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RfD ,
20E 05
30E-03

NTV
NTV
NTV
NTV
NTV

SF ,
20E+00

NTV
73E01
73E+00
73E01
7 3E+00
73E-01

Hazard
Index
8 9E 2
1 6E 1

NA
NA
NA
NA
NA

Cancer
Risk

4 4E 7
NA

39E6
25E5
35E6
22E6
1 6E6

Total 2 5E 1 3 7E 5

Hotspot 7A Risks xls Reside t-oral RME 8/28/2003 4 37 PM



Attachment A 22 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
- - - COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equatlonl HI = (CS CF AD AB SA- M EF ED hM)/(BW „„ AT RfD „)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchiu = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i = Surface Area of Exposed Skin for an Adult (cmz/day)
EF = Exposure Frequency (days/year)
ED hid = Exposure Duration for a Child (years)
ED d , = Exposure Duration for an Adult (years)
BW ,„ = Body Weight for a Child (kg)
BW „ = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF „, ((SA^ ED hll/BW M)+(SA.d , ED d ,,/BW d ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
0080

32
1 3
1 1
1 5

012
066

CF
1E6
1E-6
1E6
1E6
1E-6
1E6
1E6

AD
004
004
004
004
004
004
004

AB
0 14

0
013
013
013
013
013

SA.*
1 440
1 440
1 440
1 440
1 440
1 440
1 440

SA.dtt

2000
2000
2000
2000
2000
2000
2000

EF
350
350
350
350
350
350
350

ED h,M

6
6
6
6
6
6
6

EDdl,
3
3
3
3
3
3
3

BWhlu

15
15
15
15
15
15
15

BW d» AT™
70
70
70
70
70
70
70

2190
2190
2190
2190
2190
2190
2190

AT

25550
25550
25550
25550
25550
25550
25550

RfD,.,
20E-05
30E-03

NTV
NTV
NTV
NTV
NTV

SF™,
1 OE+00

NTV
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index
21E3
OOE+0

NA
NA
NA
NA
NA

21E3

Cancer
Risk

41E 9
NA

4 5 E 8
38E7
52E8
41E8
23E8
54E7

Hoispm^^skiks xls R 3 de t-dermal CTE



Attachment A 22 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR ,̂,, EF ED mi<j)/(BW wld AT,* RID )̂
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hlld = Exposure Duration for a Child (years)
EDad i = Exposure Duration for an Adult (years)
BW hM = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
AT,*; = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR hiu = Soil Ingestion Rate for a Child (mg/day)
IR dun = Soil Ingestion Rate for an Adult (mg/day)

, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF^ ((IR^ ED.WBW hlld)+(IR „ „ ED <WBW d lt)))/(AT )
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF î = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
PCB 1254
Chromium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a hjanthracene
lndeno(1 2 3 cd)pyrene

CS
0080

32
13
1 1
15

012
066

CF
1E6
1E-6
1E-6
1E-6
1E-6
1E6
1E-6

•RcHUd

100
100
100
100
100
100
100

IR**,
50
50
50
50
50
50
50

EF
350
350
350
350
350
350
350

ED ^d
6
6
6
6
6
6
6

EDdu,t
3
3
3
3
3
3
3

BW hlld

15
15
15
15
15
15
15

BWd l l

70
70
70
70
70
70
70

ATM

2190
2190
2190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550
25550
25550

RfDra,
20E05
30E03

NTV
NTV
NTV
NTV
NTV

SF ,
1 OE+00

NTV
73E-01
73E+00
73E-01
73E+00
73E-01

Total

Hazard
Index
26E 2
68E2

NA
NA
NA
NA
NA

94E2

Cancer
Risk

46E 8
NA

55E7
46E6
63E7
51E7
28E7
66E-6

Hotspot 7A Risks xls Resident-oral CTE 8/26/2003 4 37 PM



Attachment A-22-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 7A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion

i Total _

Current Trespasser/Site Visitor
Dermal

' Ingestion
' Total
I

Hypothetical Future Resident
Dermal
Ingestion
Total

Hazard
CTE

00011
00035
00046

0 00033
00072
00075

0 00001 1
000017
000018

00021
0094
010

Index
RME

0011
0014
0025

00063
0019
0026

0 00046
00009
00014

0036
025
029

Cancer Risk
CTE RME

50E9
95E9
1 4E 8

63E8
40E7
47E7

36E9
1 7E8
2 1 E 8

54E7
66E6
72E6

1 5E7
1 3E7
28E7

71E6
82E6
1 5E5

61E7
47E7
1 1E6

24E5
37E5
6 1 E 5

Hotspot 7 A Risks xls Risk Summary 8/26/2003 4 37 PM



Attachment A 23 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 7B Area
St Louis Army Ammunition Plant (SL AAP)

St Louis, Missouri

Hotspot 7B Surface Soil (0-0 5 feet BGS)

RME CTE (unitless) (mg/kg-day) (mg/kg-day)1

Hotspot 7B Combined Surface and Subsurface Soil (010 feet BGS)

CTE (unitless) (mg/kg-day)

NE Not evaluated quantitatively
MTV No toxicity value

Hotspot 76 R sks xls Data 9/10/2003 836AM



Attachment A-23-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTC RfD0 a,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Benzo(a)pyrene

CS
1 3

0072

CF
1E6
1E6

AD AB
09 0
09 013

SA EF
3 300 60
3 300 60

ED
1
1

BW
70
70

ATnc ATC

84 25 550
84 25 550

RfDorai

50E03
NTV

SFora|
NTV

7 3E+00
Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

68E9
68E9

Hotsp^aFRisks xls Excavation Worker dermal RME 8/26/2^^11044AM



Attachment A-23-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i= (-)ral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Benzo(a)pyrene

CS
1 3

0072

CF
1E6
1E6

IR
330
330

EF
60
60

ED
1
1

BW
70
70

ATnc ATC

84 25 550
84 25 550

RfDoral

50E 03
NTV

SForai
NTV

7 3E+00
Total

Hazard
Index
88E 4

NA
88E4

Cancer
Risk
NA

58E9
5 8 E 9

Hotspot 7B Risks xls Excavation Worker oral RME 8/26/2003 1044AM



Attachment A-23-4
Future Excavation/Construction Worker

Estimated Risk for-Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Benzo(a)pyrene

CS
074
0045

CF
1E6
1E6

AD AB
02 0
02 013

SA EF
2 000 30
2 000 30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfDora,

50E03
NTV

SFoal

NTV
7 3E+00

Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

29E 10
29E 10

Hotsi Risks xls Excavation Worker dermal CTE 8/26/2003 1044AMi/20Q3 1



Attachment A-23-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

>*'Equation 2 CR = (CS Cc 'R EF ED SFoal)/(B

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora| = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Benzo(a)pyrene

CS
074
0045

CF
1E6
1E6

IR
100
100

EF
30
30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfD0ral

50E03
NTV

SForai
NTV

7 3E+00
Total

Hazard
Index
1 5E4

NA
1 5E4

Cancer
Risk
NA

56E 10
56E 10

Hotspot 7B Risks xls Excavation Worker oral CTE 8/26/2003 1044AM



Attachment A-23-6
Future Industrial/Commercial Worker

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfD0 al)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) '
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora()/(BW ATC)

Where CR = Cancer Risk (unitless)
, ' ATC = Averaging Time for Carcinogens (days)

SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

AD AB
020 013

SA EF
3300 250

ED
25

BW
70

ATnc ATC

9125 25550
RfDora.

NTV
SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 6E7
1 6E7

Hotspo l̂Risks xls Site Worker-dermal RME 8/26/20QiJ044 AM200^0



Attachment A-23-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF0 V(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

IR
100

EF
250

ED
25

BW
70

ATnc ATC

9125 25550
RfDoral

NTV

SForai
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 8E 7
1 8E 7

Hotspot 7B Risks xls Site Worker-oral RME 8/26/2003 1044AM



Attachment A-23-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfD'oaU

Where HI = Hazard Index (unitless) i
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless) '
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

AD AB
003 013

SA EF
2 000 250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDora,

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

29E9
29E9

Hotspj Risks xls Site Worker-dermal CTE 8/26/2003 1044AM



Attachment A-23-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATno = Averaging Time for Non Carcinogens (days)
FtfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CP = (CS CF 'R EF ED SF ra,V'BW AT \

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDora.

NTV

SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 8E 8
1 8E8

Hotspot 7B Risks xls Site Worker oral CTE 8/26/2003 1044AM



Attachment A-23-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration iof Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

AD AB
03 013

SA EF
3300 12

ED
30

BW
70

ATnc ATC

10950 25550
RfDora,
NTV

SFoal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 4E8
1 4E8

Hotsi Risks xls Trespasser-dermal RME 26/20^^(044AM



Attachment A-23-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Eauation 2 CR = (CS CF IR EF ED SF ,)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

IR
100

EF
12

ED
30

BW
70

ATnc ATC

10950 25550
RfDora,
NTV

SForfl|
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 1E 8
1 1E8

Hotspot 7B Risks xls Trespasser oral RME 8/26/2003 1044AM



Attachment A-23-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

AD AB
004 013

SA EF
2000 6

ED
9

BW
70

ATnc ATC

3285 25550
RfDoral

NTV
SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 7E 10
1 7E 10

Risks xls Trespasser dermal CTE 8/26/2I2^̂ 110 44 AM



Attachment A-23-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equatio" 2 Cn = (CS CP "R E^ ED S*0 V'BW AT t

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATnc ATC

3 285 25 550

RfDoral

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

79E 10
79E 10

Hotspot 7B Risks xls Trespasser oral CTE 8/26/2003 10 44 AM



Attachment A-23 14
Hypothetical Future Resident

_ Estimated Riskjor Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SAch«d EF ED^^BW hlld AT^. RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10"* kg/mg)

i AD = Adherence Factor for Soil (mg/cm2)
' AB = Absorbed Fraction (unitless)

SAchik) = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchnd = Exposure Duration for a Child (years)
EDad i, = Exposure Duration for an Adult (years)
BWcMw = Body Weight for a Child (kg)
BW d i, = Body Weight for an Adult (kg)
ATne = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ra, ((SAehild EDMU/B\NMU)+(SA „ „ ED „ ,,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

AD
03

AB
013

SA „„„ SA „ „ EF ED hlld ED „ „
1913 3300 350 6 24

BWhlld BW d l ,
15 70

AT AT
2190 25550

RfD ,
NTV

SF ,
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

53E7
53E7

HotspoUMJisks xls Resident dermal RME — 8/26/2003 1044AM



Attachment A-23-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFU, EF ED hld)/(BWchld AT^ RfD „)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchid = Exposure Duration for a Child (years)
ED dun = Exposure Duration for an Adult (years)
BWcwio = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x10 6 kg/mg)
IRcnid = Soil Ingestion Rate for a Child (mg/day)
IRad n = Soil Ingestion Rate for an Adult (mg/day)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFora) ((IFUd ED hld/BWchld)+(IR d „ ED d N/BWad ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFoa) = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS CF IRchiw IRduit EF EDhHd EDaduK BWch|,d BWad „ AT ATe RfDoa, SFoal

0072 1E6 200 100 350 6 24 15 70 2190 25550 NTV 7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

82E 7
82E7

Hotspot 7B Risks xls Resident oral RME 8/26/2003 1044AM



Attachment A 23 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

l)Equation 1 HI = (CS CF AD AB SA^ EF EDchl,d)/(BW hlld AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) i

1 AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchud = Surface Area of Exposed Skin for a Child (cm2/day)
SA a „ = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED^Kj = Exposure Duration for a Child (years)
EDad i, = Exposure Duration for an Adult (years)
BWcwM = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D aj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ral

(cancer risk assumes child + adult exposure)
hld)+(SA „ „ ED „ ,/BW d ,,)))/(AT ;

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ra, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)pyrene

CS CF AD AB SAhlld SA „ „ EF EDchlld ED „ „ BW hlld BW „ „ AT e AT RfDoral SF ,
0072 1E6 004 013 1440 2000 350 6 3 15 70 2190 25550 NTV 7 3E+00

Total

Hazard
Index

NA
OOE-4-0

Cancer
Risk

25E 8
25E8

spdMH:sks xls Resident dermal CTE 8/2' 1044AM



Attachment A 23 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF ED h ̂ /(BW^w AT^ RfDoa,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDcMd = Exposure Duration for a Child (years)
EDadU|t = Exposure Duration for an Adult (years)
BWchIld = Body Weight for a Child (kg)
BWadu,t = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchiid = Soil Ingestion Rate for a Child (mg/day)
IR.,,, |, = Soil Ingestion Rate for an Adult (mg/day)
R,Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF ^ ((IRchld EDchw/BW hld)+(IRad „ EDad ,,/BWad ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
0072

CF
1E6

IRchlld I" <i It

100 50
EF
350

ED hlld E0(d „

6 3

BWhiId BW d l t

15 70

AT

2190

ATC

25550
RfDral

NTV

Hazard
SForat Index

7 3E+00 NA
Total 0 OE+0

Cancer
Risk

30E 7
30E7

Hotspot 7B Risks xls Resident oral CTE 8/26/2003 1044AM



Attachment A-23-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 7B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

i

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
000015
000015

0
0
0

0
0 00088
0 00088

0
0
0

29E 10
56E 10
84E 10

29E9
1 8E8
2 1 E 8

68E9
58E9
1 3E8

1 6E7
1 8E7
34E7

Current Trespasser/Site Visitor

i
Hypothetical Future Resident

'

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

1 7E 10
79E 10
96E 10

25E8
30E7
33E7

1 4E8
1 1E8
24E8

53E7
82E7
1 4E6

Hotspot 7B Risks xls Risk Summary 8/26/2003 1044AM



Attachment A 24 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot 7C Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 7C Surface Soil (0-0 5 feet BGS)

Maximum Frequency of
Detect Detection

Hotspot 7C Combined Surface and Subsurface Soil (0-10 feet BGS)

(mg/kg-day)11 Backqround

Lead has no RfD or SF and is evaluated separately
NE Not evaluated quantitatively
NTV No toxicity value

Hotspo) 7C Risks xte Oala 9/1CV2003 8 37 AM



Attachment A-24-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
1 1
38

034

CF
1E6
1E6
1E6

AD AB
09 0
09 0
09 013

SA
3300
3300
3300

EF
60
60
60

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATC

25550
25550
25550

RfDoal
50E03
20E02

NTV

SForal

NTV
NTV

7 3E+00
Total

Hazard
Index

OOE+0
OOE+0

NA
OOE+0

Cancer
Risk
NA
NA

32E8
32E8

Hotspo^CFRisks xls Excavation Worker dermal RME 8/26/2003 11047AM



Attachment A-24-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
1 1
38

034

CF
1E6
1E6
1E6

IR
330
330
330

EF
60
60
60

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATe

25550
25550
25550

RfDoral

50E03
20E02

NTV

SForai
NTV
NTV

7 3E+00
Total

Hazard
Index
74E4
64E3

NA
71E3

Cancer
Risk
NA
NA

2 7 E 8
2 7 E 8

Hotspot 7C Risks xls Excavation Worker oral RME 8/26/2003 1047AM



Attachment A-24 4
Future Excavation/Construction Worker

- Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D0 a) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
076
35

013

CF
1E6
1E6
1E6

AD AB
02 0
02 0
02 013

SA EF
2 000 30
2 000 30
2 000 30

ED
1
1
1

BW
70
70
70

ATnc

42
42
42

ATC RfDora,
25 550 5 OE 03
25 550 2 OE 02
25 550 NTV

SForal

NTV
NTV

7 3E+00
Total

Hazard
Index

OOE+0
OOE+0

NA
OOE+0

Cancer
Risk
NA
NA

81E 10
81E 10

HotspqioÛ 1iiisks xls Excavation Worker dermal CTE 8/26/2003 1047AMi/20Q3 1



Attachment A-24-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATno RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = 'CS CF IR EF ED SF )/(BW AT >

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Beryllium
Chromium
Benzo(a)pyrene

CS
076
35

013

CF
1E6
1E6
1E6

IR
100
100
100

EF
30
30
30

ED
1
1
1

BW
70
70
70

ATnc

42
42
42

ATC

25550
25550
25550

RfDoral

50E03
20E02

NTV

SFora|
NTV
NTV

7 3E+00
Total

Hazard
Index
1 5E4
1 8E3

NA
1 9E3

Cancer
Risk
NA
NA

1 6E9
1 6E9

Hotspot 7C Risks xls Excavation Worker oral CTE 8/26/2003 1047AM



Attachment A-24-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless) ,
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

AD AB
020 0
020 013

SA EF
3 300 250
3 300 250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

RfDora,
30E03

NTV

SForai
NTV

7 3E+00
Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

74E7
74E7

Hotsp^tFRisks xls Site Worker dermal RME 8/26/2Qfli,1047AMi/2^ t̂



Attachment A-24-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equa*'o- 2 C° = (CS Cc I0 E^ ED SPorai)/(B\A' AT^

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

IR
100
100

EF
250
250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

RfDoral

30E03
NTV

SFora|
NTV

7 3E+00
Total

Hazard
Index
1 OE2

NA
1 OE2

Cancer
Risk
NA

87E7
87E7

Hotspot 7C Risks xls Site Worker oral RME 8/26/2003 1047AM



Attachment A-24-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD,oral;

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ == Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
, ATC = Averaging Time for Carcinogens (days)

SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

AD AB
003 0
003 013

SA EF
2 000 250
2000 250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

30E03
NTV

SForal

NTV
7 3E+00

Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

1 4E8
1 4E8

HotspcOC Risks xls Site Worker dermal CTEpo^CF 8/26/200^1047 AM'20^ l̂



Attachment A-24-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD0 a,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Doral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

IR
50
50

EF
250
250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

30E03
NTV

SFoal

NTV
7 3E+00

Total

Hazard
Index
5 1 E 3

NA
51E3

Cancer
Risk
NA

87E8
87E8

Hotspot 7C Risks xls Site Worker oral CTE 8/26/2003 1047AM



Attachment A-24-10
Current Trespasser/Site Visitor

-Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unit(ess) i
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

AD AB
03 0
03 013

SA EF
3300 12
3300 12

ED
30
30

BW
70
70

ATnc ATe

10950 25550
10950 25550

RfDoral

30E03
NTV

SForal

NTV
7 3E+00

Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

64E8
64E8

HotspoLZC Risks xls Trespasser dermal RMEspo^C 8/26/2003 1047AM



Attachment A-24-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CD = (CS Cc 'R Ec ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

IR
100
100

EF
12
12

ED
30
30

BW
70
70

ATnc ATC

10950 25550
10950 25550

RfDoral

30E03
NTV

SForai
NTV

7 3E+00
Total

Hazard
Index
49E 4

NA
49E4

Cancer
Risk
NA

50E8
50E8

Hotspot 7C Risks xls Trespasser oral RME 8/26/2003 1047AM



Attachment A-24-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) i
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days) ,
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

AD AB
004 0
004 013

SA EF
2000 6
2000 6

ED
9
9

BW
70
70

ATnc ATe

3285 25550
3285 25550

RfDora,

30E03
NTV

SForai

NTV

7 3E+00
Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

78E 10
78E10

Hotsp^KIRisks xls Trespasser dermal CTE 8/26/2003 1047AM



Attachment A-24-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ra)/fBW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

IR
50
50

EF
6
6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3 285 25 550

RfDoral

30E03
NTV

SFora|
NTV

7 3E+00
Total

Hazard
Index
1 2E4

NA
1 2E4

Cancer
Risk
NA

37E9
37E9

Hotspot 7C Risks xls Trespasser oral CTE 8/26/2003 1047AM



Attachment A-24 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB EF ATTC RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAcwic, = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchnd = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BWcWM = Body Weight for a Child (kg)
BWad i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal

(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day) 1

ED d ,/BW „ ,,)))/(ATc)

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

AD AB
03 0
03 013

SA hlld SA „ u

1913 3300
1913 3300

EF ED hlld ED „ „
350 6 24
350 6 24

BWh,,d BW d l t

15 70
15 70

AT AT
2190 25550
2190 25550

RfD ,
30E03

NTV

SF ,
NTV

7 3E+00
Total

Hazard
Index

0
NA

OOE+0

Cancer
Risk
NA

25E6
25E6

spdfl̂ ti:isks xls Resident dermal RME 8/26/2003 1047AM



Attachment A-24-15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchkJ EF EDcMd)/(BWcWld AT^ RfD a)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchkj = Exposure Duration for a Child (years)
EDadU|, = Exposure Duration for an Adult (years)
BWchdd = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
ATne = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchid = Soil Ingestion Rate for a Child (mg/day)
'Rad ii = Soil Ingestion Rate for an Adult (mg/day)
R|Doral = Oral Reference Dose (mg/kg/day)

EDad ,/BWadEquation 2 CR = (CS CF EF SForal ((IR^ ED hId/BWchld)+(IR „
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF „,, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

'̂ ehild

200
200

I R d N

100
100

EF ED hlld

350 6
350 6

EDd l t

24
24

BWehlld BWadlt

15 70
15 70

AT AT RfDora,
2190 25550 3 OE 03
2190 25550 NTV

SFral

NTV
7 3E+00

Total

Hazard
Index
1 3E 1

NA
1 3E 1

Cancer
Risk
NA

39E6
39E6

Hotspot 7C Risks xls Resident-oral RME 8/26/2003 1047AM



Attachment A-24 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SAchild EF ED^/tEW^ AT,,
(hazard estimate assumes child only exposure)

RfD,'oralj

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SActmj = Surface Area of Exposed Skin tor a Child (cmz/day)
SA d |t = Surface Area of Exposed Skin for an Adult (cmz/day)
EF = Exposure Frequency (days/year)
EDcwid = Exposure Duration for a Child (years)
ED8() n = Exposure Duration for an Adult (years)
BWcwM = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
ATne = Averaging Time for Non Carcinogens (days)
RiD mi = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SPon> ((SA^ EDchlld/BWcW,d)+(SAad „ ED „ lt/BW „ ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical CS
Hazard Cancer

CF AD AB SA h,M SA „ „ EF ED hlld ED „ „ BW h,,d BW d „ AT AT RfD , SF , Index Risk
Chromium
Benzo(a)pyrene

31
034

1E6
1E6

004 0
004 013

1 440 2 000 350
1 440 2 000 350

6
6

3
3

15
15

70
70

2190 25550 3 OE 03
2190 25550 NTV

NTV 0 OE+0
7 3E+00 NA

Total 0 OE+0

NA
12E7
1 2E7

Hotspi ilsks xls Resident dermal CTE 8/26/2003 1047AM



Attachment A-24 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 7C Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDohw)/(BWch(d ATTO RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDch||d = Exposure Duration for a Child (years)
EDadun = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BWa() i, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x10 a kg/mg)
IRchid = Soil Ingestion Rate for a Child (mg/day)
IRaduit = Soil Ingestion Rate for an Adult (mg/day)
RfD0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFoal ((IRchld EDchld/BWchld)+(IRad „ EDad lt/BWad ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Chromium
Benzo(a)pyrene

CS
31

034

CF
1E6
1E6

IRchiid 1" d It

100 50
100 50

EF
350
350

EDehlld ED „ „

6 3
6 3

BW^

15
15

BW d l t

70
70

AT e

2190
2190

ATC

25550
25550

RfDoa, SFral

3 OE 03 NTV
NTV 7 3E+00

Total

Hazard
Index
66E2

NA
66E2

Cancer
Risk
NA

1 4E6
1 4E6

Hotspot 7C Risks xls Resident oral CTE 8/26/2003 1047AM



Attachment A-24-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 7C Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
00019
00019

0
00051
00051

0
00071
00071

0
0010
0010

81E 10
1 6E9
24E9

1 4E8
87E8
1 OE7

32E8
27E8
60E8

74E7
87E7
1 6E6

Current Trespasser/Site Visitor
I
'
i

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
000012
000012

0
0066
0066

0
0 00049
0 00049

0
013
013

78E 10
37E9
45E9

1 2E7
1 4E6
1 5E6

64E8
50E8
1 1E7

25E6
39E6
64E6

Hotspot 7C Risks xls Risk Summary 8/26/2003 1047AM



Attachment A 24 19
Excavation Worker Building 7 Hotspot 7C

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w W kgro p fo Le d Adult Lead C mmlttee

Versi d t« 05/19/03

r~" — ̂  — ' — HI — f^
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Equatlo 1 based Eq 1 21 USEPA (199«)
PbB _, = (PbS
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Equatl 2 alt rn 1 pproach b ed
PbB „ = PbS BKSF ([(

PbB Wi ,=
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Eq 1 2 d A 19 1 USEPA (1996)
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Attachment A-24 20
Excavation Worker Building 7 Hotspot 7C

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA T hnlcal Re i w W kg p to L ad Ad It Lead C mmlttee

Version date 05/19/03
i i

HHWHBiS
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GSD,
PbB0

IRs
IRs+D

Ws

KSD
AFSD
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A rag g urn ( am f 1 and dust)
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Equatl 1, based o Eq 1 21 USEPA (1996)
PbB (PbS BKSF 1R o AF EFj/AT D) + PbB

PbBi i (GSD, ' R)

Equatl 2 It m t pp ch based Eq 1 2 and A 19 I USEPA (1996)
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Attachment A-24-21
Site Worker Building 7 Hotspot 7C

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
US EPA Technical R I w W kgro p f Lead Ad It Lead C mmlll

Versio dau 05/19/03

IHMHiMHii^^^HHEgssSM
PbS

"•f kl/maicra

BKSF

GSD
PbB0

IRS

IRs+D

ws
KSD

AFS D

EF^
ATS.D

PbBl,,,,

I ^PblBf^owj,
PbB

P(PbBi,>PbB.)

Hin"̂ !
X
X
X

X
X
X

X
X
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^
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X
X

X

X

X
X
X
X
X

X

. iiteiiftTj%)Ti(ffinfa7TiHTra^S3rrtM^j-''
S Ul d tra
F tal/m icmal PbB ra
B la ucSI peFact

Geom in tandard d vi u PbB
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S ll gesu rate ( 1 d g 1 den td doo d t)
T tal gesu rate f td 1 and md d t
W ghu g f 10 fra f IR gesled as tdoo so 1
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Attachment A-24 22
Site Worker Building 7 Hotspot 7C

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
US EPA Technical Re 1 w Workgro p t Lead Adult Lead C mmlttee

V rsl n date 05/19/03
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Attachment A-24-23
Trespasser Building 7 Hotspot 7C

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R I w W kgroup f Le d Adult Lead C mmlttee

Version dat 05/19/03
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Attachment A-24 24
Trespasser Building 7 Hotspot 7C
Reasonable Maximum Exposure

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R vt w W kgro p fo Lead Ad It Lead C mmlttee

V rsl d te 05/19/03
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Attachment A-24-25
Hotspot 7C

Residential Exposure to Lead
Calculated Blood Lead and Lead Uptakes from IEUBK Model Software

St Louis Army Ammunition Plant
St Louis Missouri
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Attachment A 25-1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot 8A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Hotspot 8A Surface Soil (0-0 5 feet BGS)

Hotspot 8A Combined Surface and Subsurface Soil (0-10 feet BGS)

Benzo(a)antnracene
Benzo(a)pyrene

laKresemfatibackciroundilev.e
NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 8A Risks Is Data 9/102003 8 37 AM



Attachment A-25-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc R<Doral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence [Factor for Soil (mg/crrtf) : ,
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 a| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForaj = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
1 6

061
0098

CF
1E6
1E6
1E6

AD AB
09 013
09 013
09 013

SA
3300
3300
3300

EF
60
60
60

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATC

25550
25550
25550

RfDoral
NTV
NTV
NTV

SForal

73E01
7 3E+00
7 3E+00

Total

Hazard
Index

NA
NA
NA

OOE+0

Cancer
Risk

1 5E8
58E8
93E9
82E8

Hots Risks xls Excavation Worker-dermal RME 8/2' 1048AM



Attachment A-25-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = 'CS CF IR EF ED SF )/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
1 6

061
0098

CF
1E6
1E6
1E6

IR
330
330
330

EF
60
60
60

ED
1
1
1

BW
70
70
70

ATnc

84
84
84

ATe

25550
25550
25550

RfDoa,
NTV
NTV
NTV

SForal

73E01
7 3E+00
7 3E+00

Total

Hazard
Index

NA
NA
NA

OOE+0

Cancer
Risk

1 3E 8
49E8
79E9
70E8

Hotspot 8A Risks xls Excavation Worker oral RME 8/26/2003 1048AM



Attachment A-25-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical m Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) ^
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
068
025
006

CF
1E6
1E6
1E6

AD AB
02 013
02 013
02 013

SA EF
2 000 30
2 000 30
2 000 30

ED
1
1
1

BW
70
70
70

ATnc

42
42
42

ATC

25550
25550
25550

RfDoal

NTV
NTV
NTV

SFoal

73E01
7 3E+00
7 3E+00

Total

Hazard
Index

NA
NA
NA

OOE+0

Cancer
Risk

43E 10
1 6E9

38E 10
24E9

Hotspol isks xls Excavation Worker-dermal CTE 8/2i 1048AM



Attachment A-25-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ra,V(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Dibenz(a h)anthracene

CS
068
025
006

CF
1E6
1E6
1E6

IR
100
100
100

EF
30
30
30

ED
1
1
1

BW
70
70
70

ATnc

42
42
42

ATC

25550
25550
25550

RfDoral

NTV
NTV
NTV

SForai
73E01
7 3E+00
7 3E+00

Total

Hazard
Index

NA
NA
NA

OOE+0

Cancer
Risk

83E 10
31E9

73E 10
4 6 E 9

Hotspot 8A Risks xls Excavation Worker oral CTE 8/26/2003 1048AM



Attachment A-25 6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard'index (unitless) '
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoa,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)pyrene

CS
021

CF
1E6

AD AB
020 013

SA EF
3300 250

ED
25

BW
70

ATne ATC

9125 25550
RfDora,

NTV
SFoal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

46E7
46E7

Hotsi Risks xls Site Worker dermal RME 8/26/2003 1048AM'2003 1i



Attachment A-25-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ,,)/(BW AT )

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
021

CF
1E6

IR
100

EF
250

ED
25

BW
70

A 1 nc A 1 c

9125 25550
RfDoral

NTV
SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

54E7
5 4 E 7

Hotspot 8A Risks xls Site Worker oral RME 8/26/2003 1048AM



Attachment A-25-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfD'oral/

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
011

CF
1E6

AD AB
003 013

SA EF
2000 250

ED
5

BW
70

ATnc ATe

1 825 25 550
RfDoral

NTV
SFoal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

43E9
43E9

Hotsa i Risks xls Site Worker dermal CTE 8/26/2' 1048AM



Attachment A-25-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = VCS CF IR EF ED SFoal)'(B«' AT
C)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)pyrene

CS
011

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc ATC

1 825 25 550
RfDoral

NTV
SFora)

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

28E8
28E8

Hotspot 8A Risks xls Site Worker oral CTE 8/26/2003 1048AM



Attachment A-25- 10
Current Trespasser/Site Visitor

-Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDorai)

Where HI = Hazard Index (unitless) '
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)
i

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
021

CF
1E6

AD AB
03 013

SA EF
3300 12

ED
30

BW
70

ATnc ATC

10950 25550

RfDoral

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

40E8
40E8

Hotspc^A Risks xls Trespasser dermal RME — 8/26/2003 10 48 AM



Attachment A-25-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDorai)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
F<fDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)'(BW AT,

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
021

CF
1E6

IR
100

EF
12

ED
30

BW
70

ATnc ATC

10950 25550

RfDora,
NTV

SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

31E 8
31E8

Hotspot 8A Risks xls Trespasser-oral RME 8/26/2003 1048AM



Attachment A-25-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
011

CF
1E6

AD AB
004 013

SA EF
2000 6

ED
9

BW
70

ATnc ATC

3285 25550
RfDoral

NTV
SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

25E 10
25E 10

HotspoUA Risks xls Trespasser-dermal CTE 8/26/2003,10 48 AM'20011



Attachment A-25-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate lor an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
FifDorai = Oral Reference Dose (mg/kg/day)

Equa»or 2 CD = (CS Cc '« EP ED S>=0 )"BW AT \

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
011

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATnc ATC

3 285 25 550
RfDora,
NTV

SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 2E9
1 2E9

Hotspot 8A Risks xls Trespasser oral CTE 8/26/2003 1048AM



Attachment A-25 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF ED^WWau ATTC RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAch u = Surface Area of Exposed Skin for a Child (cm2/day)
SA d „ = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDchdo = Exposure Duration for a Child (years)
ED d n = Exposure Duration for an Adult (years)
BWcM,,, = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R|Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ra, ((SA^ EDchlld/BWch;d)-(-(SAttd „ ED „ ,/BW d ,,)))/(AT
(cancer nsk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)pyrene

CS
021

CF
1E6

AD AB
03 013

SAcniid SA (j it EF
1913 3300 350

ED „„,, ED „ K

6 24
BWW W BWd l t

15 70
AT AT
2190 25550

RfD ,
NTV

SF ,
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 6E6
1 6E6

Hotsp^BBlsks xls Resident de mal RME ^^^ 8/2^^3 10 48 AM



Attach mentA-25-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF ED^^BW^ ATTC RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchld = Exposure Duration for a Child (years)
EDad |, = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
AT,,,. = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
lRchid = Soil Ingestion Rate for a Child (mg/day)
IR d i, = Soil Ingestion Rate for an Adult (mg/day)
R D _ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFoal ((IR hld EDchlld/BWchlld)-.-(IRadutt ED d ,,/BWad rt)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0rai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
021

CF
1E6

IRehlld IRadult

200 100

EF
350

ED „„„ EDad „
6 24

BWhlld BWd l t

15 70
AT e ATC

2190 25550
RfD0,ai

NTV

SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

2 4E 6
2 4 E 6

Hotspot 8A Risks xls Resident oral RME 8/26/2003 1048AM



Attachment A-25 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB Sft^, EF ED^^B^I^ ATTO RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 108 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAcHHd = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cmz/day)
EF = Exposure Frequency (days/year)
EDchiid = Exposure Duration for a Child (years)
ED d H = Exposure Duration for an Adult (years)
aw,,™,) = Body Weight for a Child (kg)
BW d i, = Body Weight for an Adult (kg)
AT,,,- = Averaging Time for Non Carcinogens (days)
R(D a, = Oral Reference Dose (mg/kg/day)

EDEquation 2 CR = (CS CF AD AB EF SF „> ((SA^ ED^o/BW hlld)+(SA d

(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical CS CF AD AB SA SA EF ED hlld ED „ „ BW hlld BW d It

Hazard Cancer
AT e AT RfD „, SF , Index Risk

Benzo(a)pyrene 011 1E6 004 013 1440 2000 350 15 70 2190 25550 NTV 7 3E+00
Total"

NA 38E8
0 OE+0 3 8E 8

HotspoMfrsI;ks xls Res dent dermal CTE 8/2I 1048AM



Attachment A 25-17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8A Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDchld)/(BW hld AT^ RfDoal)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchiw = Exposure Duration for a Child (years)
EDad i, = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BWadU|, = Body Weight for an Adult (kg)
ATTO = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 X10"6 kg/mg)
IRchid = Soil Ingestion Rate for a Child (mg/day)
IRad it = So|l Ingestion Rate for an Adult (mg/day)
R(D ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IRchld EDchw/BW,*ld)+(IRad „ ED d ,,/BWad ,,)))/(ATc)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)pyrene

CS CF IRcwid IR d u EF EDch,,,) ED „ „ BW hild BW d „ AT ATe RfDoral SFora,

011 1E6 100 50 350 6 3 15 70 2190 25550 NTV 7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

4 6E 7
46E7

Hotspot 8A Risks xls Resident-oral CTE 8/26/2003 1048AM



Attachment A-25-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot 8A Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

Current Trespasser/Site Visitor
Dermal
Ingestion
Total

Hypothetical Future Resident
Dermal
Ingestion
Total

Hazard
CTE

0
0
0

0
0
0

0
0
0

0
~0
0

Index
RME

0
0
0

0
0
0

0
0
0

0
0
0

Cancer
CTE

24E9
46E9
70E9

43E9
28E8
32E8

25E 10
1 2E9
1 5E9

38E8
46E7
50E7

Risk
RME

82E8
70E8
1 5E7

46E7
54E7
1 OE6

40E8
31E8
71E8

1 6E6
24E6
40E6

Hotspot 8A Risks xls Risk Summary 8/26/2003 1048AM



Attachment A 26 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot 8B Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot 8B Surface Soil (0-0 5 feet BGS)

(mg/kg day) (mg/kg day)

Hotspot 8B Combined Surface and Subsurface Soil (0-10 feet BGS)

Chemical units
Minimum

Detect
Maximum

Detect
Frequency of

Detection RME CTE

Dermal
Absorption
(unitless)

Chronic

(mg/kg day) (mg/kg day)' Background

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot 8B Reks xls Data 9/10/2003 839AM



Attachment A-26-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentratiofji of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction {unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora! = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
033

CF
1E6

AD AB
09 013

SA EF
3 300 60

ED
1

BW
70

ATnc

84

AT BtnMic niUorai

25 550 NTV
SFora)

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

31E8
3 1E8

HotspjMfi Bisks xls Excavation Worker dermal RME .^^ 8/26/2003 10 49 AMI6/2QTC 1i



Attachment A-26-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
033

CF
1E6

IR
330

EF
60

ED
1

BW
70

ATnc ATC

84 25 550
RfDoral

NTV
SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

27E8
27E8

Hotspot 8B Risks xts Excavation Worker oral RME 8/26/2003 1049AM



Attachment A-26-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT*. RfD0J

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cmz/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Cral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

AD AB
02 013

SA EF
2 000 30

ED
1

BW
70

ATnc ATC

42 25 550
RfDora.

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 1E9
1 1E9

HotspoMB. Risks xls Excavation Worker-dermal CTE .^^ 8/26/201^10 49 AM



Attachment A-26-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IR
100

EF
30

ED
1

BW
70

ATnc

42

AT RfDMIC mu/ora|

25 550 NTV
SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

22E 9
2 2 E 9

Hotspot 8B Risks xls Excavation Worker oral CTE 8/26/2003 1049AM



Attachment A-26-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)
l ' '
Where HI = Hazard Index (umtless)

CS = Concentration of Chemical in Soil (mg/kg)
i CF = Conversion Factor (1 x 10 6 kg/mg)

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

AD AB
020 013

SA EF
3300 250

ED
25

BW
70

ATnc

9125

AT RfD .** ' c n ' "oral

25 550 NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

39E7
39E7

Risks xls Site Worker dermal RME ^^ 8/26/2M^10 49 AM



Attachment A-26-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDora, = Oral Reference Dose (mg/kg/day)

Equatio- 2 CR = (CS C^ "R EF ED SF V(BW AT 1

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IR
100

EF
250

ED
25

BW
70

ATnc ATe

9125 25550
RfDora,

NTV
SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

46E 7
46E7

Hotspot 8B Risks xls Site Worker-oral RME 8/26/2003 1049AM



Attachment A-26-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where , HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ = Averaging Time for Non Carcinogens (days)
R)D0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

AD AB
003 013

SA EF
2000 250

ED
5

BW
70

ATnc ATe

1 825 25 550
RfDoral

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

72E9
72E9

HotspoifiB Risks xls Site Worker-dermal CTE — 8/26/2QQ3 10 49 AM'2003 11



Attachment A-26-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ra!)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IR
50

EF
250

ED
5

BW
70

ATnc ATe

1 825 25 550

RfDoral

NTV

SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

46E 8
46E8

Hotspot 8B Risks xls Site Worker oral CTE 8/26/2003 1049AM



Attachment A-26-10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

i Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

AD
03

AB
013

SA EF
3300 12

ED
30

BW
70

ATnc ATC

10950 25550
RfDora, SForal

NTV 7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

34E8
34E8

^ffi Risks xls Trespasser-dermal RME ^^ 8/26/2^^10 49 AM



Attachment A-26-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 C« = (CS C^ IR EP ED SF0 )/(BW AT \

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IR
100

EF
12

ED
30

BW
70

ATnc ATC

10950 25550
RfDoral

NTV

SFora|
7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

26E 8
26E8

Hotspot 8B Risks xls Trespasser oral RME 8/26/2003 10 49 AM



Attachment A-26-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT,*, RfDoral)

Where HI = Hazard Index (unitless) ,
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

,i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

AD
004

AB
013

SA EF
2000 6

ED
9

BW
70

AT AT OfnMlnc Mlc ""-'oral

3285 25550 NTV
SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

41E 10
41E 10

Hotso^fB Risks xls Trespasser-dermal CTE _^^ 8/26/2003 10 49 AM'2003 1i



Attachment A-26-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IR
50

EF
6

ED
9

BW
70

ATne ATC

3 285 25 550
RfDoral
NTV

SForai

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

20E 9
20E9

Hotspot 8B Risks xls Trespasser oral CTE 8/26/2003 1049AM



Attachment A-26 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF EDchlld)/(BWcWld AT^ RID „,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)

i AB =iAbsorbed Fraction (unitless)
SAcMd = Surface Area of Exposed Skin for a Child (cmz/day)
SA d it = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED,;™,) = Exposure Duration for a Child (years)
ED d n = Exposure Duration for an Adult (years)
BW „„„ = Body Weight for a Child (kg)
BW d i, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R|D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ral ((SA^ EDcMld/BWchlld)+(SA „ „ ED „ ,/BW d ,,)))/(AT
(cancer risk assumes child + adult exposure)

I ,
Where CR = Cancer Risk (unitless)

AT = Averaging Time for Carcinogens (days)
SF ral = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)pyrene

CS CF AD AB SAcww SA d „ EF ED hlld ED „ „ BW hlld BW „ „ AT AT RfD „, SF „,
018 1E6 03 013 1913 3300 350 6 24 15 70 2190 25550 NTV 73E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 3E6
1 3E6

HOISP' isks xls Resident dermal RME 8/2' 1049AM



Attachment A-26-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF EDchld)/(BWchld AT c RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchM = Exposure Duration for a Child (years)
EDad |, = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BW d „ = Body Weight for an Adult (kg)
AT™; = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x106 kg/mg)

hw = So11 Ingestion Rate tor a Child (mg/day)
IR d ,, = Soil Ingestion Rate for an Adult (mg/day)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „ ((IR hld ED hId/BW hld)+(IR d lt EDad rt/BW d 8)))/(ATe)
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 ̂  = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IRchlld IRadult

200 100
EF EDchlld

350 6

EDadull

24

BWchlld BWadll

15 70

ATC AT

2190 25550
RfDora,
NTV

SFoal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

2 1E 6
21E6

Hotspot 8B Risks xls Resident oral RME 8/26/2003 1049AM



Attachment A-26 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfDoral)Equation 1 HI = (CS CF AD AB SA^ EF EDchlld)/(BW hlld AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF =' Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SAchnd = Surface Area of Exposed Skin for a Child (cmz/day)
SA a i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDdM = Exposure Duration for a Child (years)
ED d i, = Exposure Duration for an Adult (years)
BW „„ = Body Weight for a Child (kg)
BWBd i, = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R|D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ral ((SA^ EDchll()/BWchllcl)+(SA „ „ EDad ,/BW „ ,,)))/(AT
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)pyrene

CS CF AD AB SA hl,d SA „ „ EF ED „,,„ ED „ „ BW hlld BW „ „ AT AT RfD , SF ,
018 1E6 004 013 1440 2000 350 6 3 15 70 2190 25550 NTV 7 3E+00

Total

Hazard
Index

NA
OOE+0

Cancer
Risk

62E8
62E8

HotsprtMBu[isks xls Resident dermal CTE 8/2i 1049AM



Attachment A-26 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDchld)/(BWchld AT^ RfDoa))
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchia = Exposure Duration for a Child (years)
EDadult = Exposure Duration for an Adult (years)
BWchM = Body Weight for a Child (kg)
BWad |, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchid = Soil Ingestion Rate for a Child (mg/day)
|Rad lt = Soil Ingestion Rate for an Adult (mg/day)
RiD ,ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SF „, ((IRchlld ED^K/BW^HIR d „ ED d ,/BW d ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFoai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IRchlld

100

IR d it
50

EF
350

ED hl,d ED „ „

6 3

BWhlld BWadll

15 70

AT

2190

AT

25550

R«Dral

NTV
SF |

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

76E 7
76E7

Hotspot 8B Risks xls Resident oral CTE 8/26/2003 1049AM



Attachment A-26-18
Summary of Cancer Risks and Non-Cancer Hazard Indices
t Hotspot 8B Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker
1

Future Industrial/Commercial

i
i

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

1 1E9
22E9
34E9

72E9
46E8
53E8

3 1 E 8
27E8
58E8

39E7
4 6 E 7
85E7

Current Trespasser/Site Visitor
j

Hypothetical Future Resident

i
t

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

41E 10
20E9
2 4 E 9

62E8
76E7
82E7

34E8
26E8
60E8

1 3E6
21E6
34E6

Hotspot 8B Risks xls Risk Summary 8/26/2003 1049AM



Attachment A 27 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot NE Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot NE Surface Soil (0-0 5 feet BGS)
De/mal

Absorption
(umtless)

0*0

SF,,,
(mg/kg day)

M
tjJE

73E01
73E+00
73E01

mg/kg
mg/kg
mg/kg

lndeno(1 2 3 cd)pyrene

Hotspot NE Combined Surface and Subsurface Soil (0-10 feet BGS)
Chronic
RfD „

(mg/kg day)

a
NTV
NTV
NTV

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

UBresenlfatlDacKaroundiley.el
NE Not evaluated quantitalively
NTV No toxicrty value

Hotspot NER ksxls Data 9/1O2003 8 41 AM



Attachment A-27 2
Future Excavation/Construction Worker

Estimated Risk forDermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT 0 RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion Factor (1 x lO^ikg/mg) ' (

i AD = Adherence Factor for Soil (rng/cm2)
AB = Absorbed Fraction (unitless) '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time for Non Carcinogens (days)
R|D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForaJ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

AD
09
09
09
09
09

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

AT
84
84
84
84
84

AT

25550
25550
25550
25550
25550

RfD0 i
NTV
NTV
NTV
NTV
NTV

SFral

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

21E8
1 7E7
24E8
1 8E8
1 OE 8
24E7

Hotspo^^LRIsks xls Excavation Worker dermal RMEpo^tR 8/21/21 11 27AM



Attachment A-27-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfD0J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

AT C

84
84
84
84
84

AT

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SF0 ,

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

1 8E8
1 5E7
20E8
1 5E8
89E9
2 1 E 7

Hotspot NE Risks xls Excavation Worker oral RME 8/21/2003 11 27AM



Attachment A-27 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with_Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTO RfD0J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) |
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless) | '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF^VfBW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

I
Chemical

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
079
061
085
0089
042

CF
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

AT C

42
42
42
42
42

AT

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SF al

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

51E 10
3 9 E 9

54E 10
56E 10
27E 10
58E9

Hotspq^E Risks xls Excavation Worker dermal CTEspo^EF 8/21/2003 11 27 AM



Attachment A-27-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoa,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)

0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

wnere CR = Cancer RISK (unitless;
ATC = Averaging Time for Carcinogens (25 550 days)
SFora) = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
079
061
085
0089
042

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

42
42
42
42
42

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SForai
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

97E 10
75E9
1 OE9
1 1E 9

52E 10
1 1E8

Hotspot NE Risks xls Excavation Worker oral CTE 8/21/2003 11 27AM



Attachment A-27-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfD „,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg) ' i

' AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) '
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25

019
1 1

CF
1E6
1E6
1E6
1E6
1E6

AD
020
020
020
020
020

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
250
250
250
250
250

ED
25
25
25
25
25

BW
70
70
70
70
70

A T C

9125
9125
9125
9125
9125

AT

25550
25550
25550
25550
25550

RfD0 i
NTV
NTV
NTV
NTV
NTV

SFoal

73E01
7 3E+00
73E01
7 3E+00
73E01

Hazard
Index

NA
NA
NA
NA
NA

Cancer
Risk

48E 7
39E6
55E7
42E7
24E7

Total 0 OE+0 56E6

Hotspot NP Risks xls Site Worker-dermal RME 8/21/2003 111 27 AM



Attachment A-27-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoa])

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D0 aj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT

C = Ave ag ng Tir"e *o Ca c nogers (25 550 da,s)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
250
250
250
250
250

ED
25
25
25
25
25

BW
70
70
70
70
70

ATnc

9 125
9125
9125
9125
9125

ATC

25550
25550
25550
25550
25550

RfDoa,

NTV
NTV
NTV
NTV
NTV

SFoal

73E 01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

56E 7
4 6 E 6
6 4 E 7
4 8 E 7
28E 7
66E6

Hotspot NE Risks xls Site Worker-oral RME 8/21/2003 11 27 AM



Attachment A-27-8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT RfDora!)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)

' SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,,, = Averaging Time for Non Carcinogens (days)
RiDoraJ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)anth racene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

AD
003
003
003
003
003

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
250
250
250
250
250

ED
5
5
5
5
5

BW
70
70
70
70
70

ATnc

1 825
1825
1 825
1 825
1 825

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SFora,
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

88E9
72E8
99E9
76E9
44E 9
1 OE 7

Hotspi Risks xls Site Worker dermal CTE 8/21/2003 11 27 AM



Attachment A-27-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 X10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D0 aj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time lor Carcmoyens> ^2o o50 days/
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50

EF
250
250
250
250
250

ED
5
5
5
5
5

BW
70
70
70
70
70

ATnc

1 825
1 825
1 825
1 825
1 825

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

56E8
4 6 E 7
64E8
4 8 E 8
2 8 E 8
66E7

Hotspot NE Risks xls Site Worker-oral CTE 8/21/2003 11 27 AM



Attachment A-27-10
Current Trespasser/Site Visitor

_ Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT c RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF0 a,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

AD
03
03
03
03
03

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
12
12
12
12
12

ED
30
30
30
30
30

BW
70
70
70
70
70

!

ATnc

10950
10950
10950
10950
10950

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SFora,

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

42E8
34E 7
47E8
36E8
2 1E8
49E7

Hotsi Risks xls Trespasser-dermal RME 8/21/2003 11 27 AM



Attachment A-27-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoa,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,DoraJ = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
nT

e = Ave ag ~g T me fo Ca c ncge~s (25 550 da>s)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
12
12
12
12
12

ED
30
30
30
30
30

BW
70
70
70
70
70

ATnc

10950
10950
10950
10950
10950

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SFora,
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

32E 8
26E7
37E8
28E 8
1 6E8
38E7

Hotspot NE Risks xls Trespasser-oral RME 8/21/2003 11 27 AM



Attach merit A-27-1 2
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT™; RfD J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

i CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATTO = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora))/(BW ATC)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFora) = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

AD
004
004
004
004
004

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
6
6
6
6
6

ED
9
9
9
9
9

BW
70
70
70
70
70

AT C

3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550

RfD0 ,
NTV
NTV
NTV
NTV
NTV

SForai
73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

50E 10
4 1E9

57E 10
44E 10
25E 10
59E9

sp^^EIRisks xls Trespasser dermal CTE 8/21/2QD3 11 27 AM



Attach mentA-27-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoa,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days;
SForaj = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50

EF
6
6
6
6
6

ED
9
9
9
9
9

BW
70
70
70
70
70

AT C

3285
3285
3285
3285
3285

ATC

25550
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SF0 ,
73E 01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

2 4E 9
2 0 E 8
2 8 E 9
2 1 E 9
1 2E9
28E8

Hotspot NE Risks xls Trespasser-oral CTE 8/21/2003 11 27AM



Attachment A 27 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^id EF ED h,d)/(BW hkj ATM RfD ,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SAchld = Surface Area of Exposed Skin for a Child (cm2/day)
SA a i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED Mid = Exposure Duration for a Child (years)
ED ^n = Exposure Duration for an Adult (years)
BW h,,d = Body Weight for a Child (kg)
BW dun = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
RiD mi = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SFOTal ((SA^ ED hIld/BW hlld)+(SA d „ ED „ ,/BW d lt)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SFW i = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E-6
1E-6
1E6
1E-6
1E-6

AD
03
03
03
03
03

AB
013
013
013
013
013

8A*.
1 913
1 913
1 913
1 913
1 913

SA d t t

3300
3300
3300
3300
3300

EF EDhlld

350
350
350
350
350

6
6
6
6
6

EDd l l

24
24
24
24
24

BW hl,d
15
15
15
15
15

BWd l t

70
70
70
70
70

ATW

2190
2 190
2 190
2190
2 190

AT
25550
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SF ,
73E-01
73E+00
73E01
73E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

1 6E-6
1 3E 5
1 8E6
1 4E6
8 1E7
1 9E5

HotspotNERIslilsks xls Resident-dermal RME S/2M2003 11 27 AM



Attachment A-27-1 5
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IFUd EF ED hlld)/(BW hlld AT RfD a)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
ED hnd = Exposure Duration for a Child (years)
ED dui, = Exposure Duration for an Adult (years)
BW hlld = Body Weight for a Child (kg)
BW î, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)

= Soil Ingestion Rate for a Child (mg/day)
n = Soil Ingestion Rate for an Adult (mg/day)
ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFwal ((IR^ ED hlld/BW hlld)+(IR „ „ ED,* lt/BW d lt)))/(AT )
(cancer risk assumes child + aauit exposure;

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

IR«
200
200
200
200
200

IHd.
100
100
100
100
100

EF
350
350
350
350
350

ED hlld

6
6
6
6
6

EDd l t

24
24
24
24
24

BW hlld

15
15
15
15
15

BW d l t

70
70
70
70
70

AT.
2 190
2190
2190
2190
2190

AT

25550
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SF ,

73E 01
7 3E+00
73E01
7 3E+00
73E01

Hazard
Index

NA
NA
NA
NA
NA

Cancer
Risk

25E 6
2 1 E 5
2 9 E 6
22E6
1 3E6

Total 0 OE+0 2 9E 5

Hotspot NE Risks xls Resident-oral RME 8/21/2003 11 33AM



Attachment A 27 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

RfD JEquation 1 HI = (CS CF AD AB SA^ EF ED Md)/(BW M

(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchia = Surface Area of Exposed Skin for a Child (cm2/day)
SA d i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED had = Exposure Duration for a Child (years)
ED a „ = Exposure Duration for an Adult (years)
BWcwi,, = Body Weight for a Child (kg)
BW „ |, = Body Weight for an Adult (kg)
AT,,,, = Averaging Time for Non Carcinogens (days)
R,D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ^ ((SA ,̂,,, ED
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

„ „ ED „ ,/BW „ lt)))/(AT )

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
22
18
25
019
1 1

CF
1E-6
1E-6
1E6
1E-6
1E-6

AD AB
004 013
0 04 013
004 013
004 013
004 013

SA**
1 440
1 440
1 440
1 440
1 440

SA.dll EF I
2 000 350
2 000 350
2 000 350
2 000 350
2 000 350

ED „„„
6
6
6
6
6

EDdl l

3
3
3
3
3

BW hlld

15
15
15
15
15

BWd ( , AT,,,. AT
70
70
70
70
70

2190 25550
2190 25550
2190 25550
2 190 25 550
2190 25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SFM|

73E-01
73E+00
73E-01
73E+00
73E-01

Hazard
Index

NA
NA
NA
NA
NA

Cancer
Risk

76E8
62E7
86E8
65E8
38E6

Total OOEiO 88E7

iks xls Reside t-dermal CTE 1131AM



Attachment A 27 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot NE Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR^ EF ED wld)/(BW Md ATW RfD a)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDcMd = Exposure Duration for a Child (years)
ED ^i, = Exposure Duration for an Adult (years)
BW hlw = Body Weight for a Child (kg)
BWja „ = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 x106 kg/mg)
IRchiw = Soil Ingestion Rate for a Child (mg/day)
IR î, = Soil Ingestion Rate for an Adult (mg/day)
RfDofai = Oral Reference Dose (mg/kg/day)

d ,, ED d ,,/BWEquation 2 CR = (CS CF EF SF^ ((IR^ ED hild/BW ̂
(cancer risk assumes child + aduit exposure;

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SFwal = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
22
1 8
25
019
1 1

CF
1E6
1E6
1E6
1E6
1E6

IR hlld

100
100
100
100
100

IR«n,
50
50
50
50
50

EF
350
350
350
350
350

ED hiid
6
6
6
6
6

EDd l t

3
3
3
3
3

BW hlld

15
15
15
15
15

BW d l t

70
70
70
70
70

AT
2 190
2190
2190
2190
2190

AT
25550
25550
25550
25550
25550

RfD ,
NTV
NTV
NTV
NTV
NTV

SF ,

73E 01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

93E 7
76E6
1 1E6
80E7
4 6 E 7
1 1E5

Hotspot NE Risks xls Resident oral CTE 8/21/2003 11 31 AM



Attachment A-27-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot NE Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

I
Hazard

CTE
Index

RME
Cancer

CTE
Risk

RME

Future Excavation/Construction Worker

Future Industrial/Commercial

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

58E9
1 1E8
1 7E8

1 OE7
66E7
76E7

24E7
21E7
45E7

56E6
66E6
1 2E5

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
0
0

0
0
0

0
0
0

0
0
0

59E9
28E8
34E8

88E7
1 1E5
1 2E5

49E7
38E7
86E7

1 9E5
29E5
48E5

Hotspot NE Risks xls Risk Summary 8/21/2003 11 31 AM



Attachment A 28 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot RDA Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot RDA Surface Soil (0-0 5 feet BGS)

Maximum Frequency of
Detect Detection

Hotspot RDA Combined Surface and Subsurface Soil (0-10 feet BGS)

Benzo(a)anlnracene
Benzo(a)pyrene
Benzo(b)fluoranthene

RHfiM! WRHaTalffii HfitTKS

NE Not evaluated quantitatively
NTV No toxicrty value

Hotspot RDA Risks xls Data 9/1CV2003 8 41 AM



Attachment A-28 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfD0 al)

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 106 kg/mg) ,
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless) >
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
1 2
1 1
1 5

016

CF
1E6
1E6
1E6
1E6

AD
09
09
09
09

AB
013
013
013
013

SA
3300
3300
3300
3300

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

1 1E8
1 OE7
1 4E8
1 5E8
1 4E7

Hot: A Risks xls Excavation Worker dermal RME 8/21/2003 1045AM



Attachment A-28-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
047
044
061

0064

CF
1E6
1E6
1E6
1E6

IR
100
100
100
100

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

58E 10
5 4 E 9
74E 10
78E 10
7 5 E 9

Hotspot RDA Risks xls Excavation Worker oral CTE 8/21/2003 1045AM



Attachment A-28-4
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDora,)

Where HI = Hazard Index (unitless)
i CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora) = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
AT0 = Averaging Time for Carcinogens (25 550 days)
SFora] = Oral Cancer Slope Factor (mg/kg/day)1

Benzo(a)anth racene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
1 2
1 1
1 5

016

CF
1E6
1E6
1E6
1E6

IR
330
330
330
330

EF
60
60
60
60

ED
1
1
1
1

BW
70
70
70
70

ATnc

84
84
84
84

ATC

25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV

SFoal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

97E9
89E8
1 2E8
1 3E8
1 2E7

Hotspot RDA Risks xls Excavation Worker-oral RME 8/21/2003 1045AM



Attachment A-28-5
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene

CS
047
044
061
0064

CF
1E6
1E6
1E6
1E6

AD
02
02
02
02

AB
013
013
013
013

SA
2000
2000
2000
2000

EF
30
30
30
30

ED
1
1
1
1

BW
70
70
70
70

ATnc

42
42
42
42

ATC

25550
25550
25550
25550

RfDoa,
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00

Total

Hazard
Index

NA
NA
NA
NA

OOE+0

Cancer
Risk

30E 10
28E9

39E 10
41E 10
39E9

Hotspot RDA Risks xls Excavation Worker-dermal CTE 8/21/2003 1045AM



Attachment A-28-6
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot RDA Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Hazard Index
CTE RME

0 0
0 0
0 0

Cancer Risk
CTE RME

3 9E 9 1 4E 7
7 5E 9 1 2E 7
11E8 27E7

Hotspot RDA Risks xls Risk Summary 8/21/2003 10 45 AM



Attachment A 29 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot RDB Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot RDB Surface Soil (0-0 5 feet BGS)

units
Minimum
Detect

Maximum
Detect

Frequency of
Detection RME CTE

Dermal
Absorption
(unitJess)

Chronic

(mg/kg-day)
SFwal

(mg/kg-day)' Background
Antimony 34 34 40E04 NTV

Hotspot RDB Combined Surface and Subsurface Soil (010 feet BGS)

Chemical
Antimony

f̂fjfiun^SBHI
BeQzp(a)py£erl3S

units
mg/kg

affigSbg

Minimum
Detect

38
BfiJB

Maximum
Detect

34

Frequency of
Detection

3/3
BIslSî HÎ B^̂ uafflB
tjarylsrf^Kf^flvffiyyjgS

RME
34

jjftjli

CTE
1403

gfeflpl

^09l

Dermal
Absorption
(unitless)

0

Chronic

(mg/kg day)
40E04

(mg/kg-day) '
NTV

Background

••>®m \Y • m •] ^ --.caE'--....-it::--tKia|/f:i
^'r-.6)'. ••:b'"«@^ " • R@"r.;'.-|pi'a®3*^|,rir ®^s - • IL"; .- C3o^v'.i:7] .̂ siiss® _. ]R -f;ta&B- •-.-;. i

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot RDB Risks xls Data 9/KV2003 842AM



Attachment A-29-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot ROB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT,* RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) i
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

AD AB
09 0
09 013

SA
3300
3300

EF
60
60

ED
1
1

BW
70
70

ATnc

84
84

ATC RfDoral

25550 40E04
25 550 NTV

SFora|
NTV

7 3E+00
Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

2 1E8
2 1E8

Hotsi B Risks xls Excavation Worker dermal RME 8/21/2003 10 44 AM1/2003 1



Attachment A-29-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dora| = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0fai = Oral Cancer Slope Factor (mg/kg/day)1

Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

IR
330
330

EF
60
60

ED
1
1

BW
70
70

ATnc

84
84

ATC RfDoral

25 550 4 OE 04
25 550 NTV

SForai
NTV

7 3E+00
Total

Hazard
Index
29E 1

NA
29E 1

Cancer
Risk
NA

1 8E8
1 8E8

Hotspot RDB Risks xls Excavation Worker oral RME 8/21/2003 1044AM



Attachment A-29-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW RfDoral)

Where HI = Hazard Index (umtless) i
CS = Concentration of Chemical in Soil (mg/kg)i
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (umtless)
, ATC = Averaging Time for Carcinogens (days)

SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Antimony
Benzo(a)pyrene

CS
14

0094

CF
1E6
1E6

AD AB
02 0
02 013

SA EF
2 000 30
2 000 30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfDoa.

40E04
NTV

SForal

NTV
7 3E+00

Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

60E 10
60E 10

Hotsi B Risks xls Excavation Worker dermal CTE 8/21/2003 1044AM1/20031



Attachment A-29-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Benzo(a)pyrene

CS
14

0094

CF
1E6
1E6

IR
100
100

EF
30
30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfDoral

40E04
NTV

SForai

NTV

7 3E+00
Total

Hazard
Index
36E 2

NA
36E2

Cancer
Risk
NA

1 2E9
1 2E9

Hotspot RDB Risks xls Excavation Worker oral CTE 8/21/2003 1044AM



Attachment A-29-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDorai)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

AD AB
020 0
020 013

SA EF
3 300 250
3 300 250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

Rf Do al

40E04
NTV

SF0ral

NTV
7 3E+00

Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

4 8 E 7
48E7

Hotsi 'B Risks xls Site Worker dermal RME 8/21/2003 1044AM



Attachment A-29-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Eauation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

IR
100
100

EF
250
250

ED
25
25

BW
70
70

ATnc ATe

9125 25550
9125 25550

RfDorai
40E04

NTV

SForai

NTV
7 3E+00

Total

Hazard
Index
83E2

NA
8 3 E 2

Cancer
Risk
NA

56E7
56E7

Hotspot RDB Risks xls Site Worker oral RME 8/21/2003 1044AM



Attachment A-29-8
Future Industrial/Commercial Worker

- - - Estimated Risk for-Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT^ RfDoral)

Where HI = Hazard Index (unitless)
' CS = Concentration of Chemical in Soil (mg/kg) i

CF = Conversion Factor (1 x 10 6 kg/mg)'
AD = Adherence Factor for Soil (mg/cm2) '
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora: = Oral Cancer Slope Factor (mg/kg/day)1 i

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

AD AB
003 0
003 013

SA EF
2000 250
2000 250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

40E04
NTV

SForal

NTV
7 3E+00

Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

88E9
88E9

HotSl Risks xls Site Worker dermal CTE 8/21/2003 1044AM



Attachment A-29-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
RtDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0rai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

IR
50
50

EF
250
250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

40E04
NTV

SFora|

NTV
7 3E+00

Total

Hazard
Index
42E 2

NA
42E2

Cancer
Risk
NA

56E8
56E8

Hotspot RDB Risks xls Site Worker-oral CTE 8/21/2003 1044AM



Attachment A-29-1 0
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDorai)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) ,
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

AD
03
03

AB
0

013

SA EF
3300 12
3300 12

ED
30
30

BW
70
70

ATnc ATC RfDoral

10950 25550 4 OE 04
10950 25550 NTV

SFora|
NTV

7 3E+00
Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

42E8
4 2 E 8

Hotsi B Risks xls Trespasser dermal RME 8/21/2003 1044AM/2QQ3 1



Attachment A-29-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CD = (CS C^ P EP ED SFora,)/(BW AT ̂

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

IR
100
100

EF
12
12

ED
30
30

BW
70
70

"' nc "Tc

10950 25550
10950 25550

RfDora,
40E04

NTV

SForal

NTV

7 3E+00
Total

Hazard
Index
40E3

NA
40E3

Cancer
Risk
NA

3 2 E 8
32E8

Hotspot RDB Risks xls Trespasser-oral RME 8/21/2003 1044AM



Attachment A-29-12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot ROB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoal)
i

, Where HI = Hazard Index (unitless)
, CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 106 kg/mg) '
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
, ATC = Averaging Time for Carcinogens (days)

' SForai = Oral Cancer Slope Factor (mg/kg/day)' '

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

AD
004
004

AB
0

013

SA EF
2000 6
2000 6

ED
9
9

BW
70
70

ATnc ATe

3285 25550
3285 25550

RfD«,
40E04

NTV

SForal

NTV
7 3E+00

Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

50E10
50E 10

HotspotApB Risks xls Trespasser dermal CTE 8/21/2003 1044AM



Attachment A-29-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Eauation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

IR
50
50

EF
6
6

ED
9
9

BW
70
70

A 1 nc A 1 c

3285 25550
3285 25550

RfDorai
40E04

NTV

SForal

NTV
7 3E+00

Total

Hazard
Index
1 OE 3

NA
1 OE3

Cancer
Risk
NA

2 4 E 9
2 4 E 9

Hotspot RDB Risks xls Trespasser oral CTE 8/21/2003 1044AM



Attachment A-29 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RfO ml)Equation 1 HI = (CS CF AD AB SAcww EF ED^^BVJ^a ATn

(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1x10"* kg/mg)
AD = Adherence Factor for Soil (mg/cmz)
AB = Absorbed Fraction (unitless)
SAchio = Surface Area of Exposed Skin for a Child (cm2/day)
SA d |, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDrtKj = Exposure Duration for a Child (years)
ED a i, = Exposure Duration for an Adult (years)
BWchw = Body Weight for a Child (kg)
BW „ i, = Body Weight for an Adult (kg)
ATpc = Averaging Time for Non Carcinogens (days)
R,D ra, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((SAchild

(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF0 i = Oral Cancer Slope Factor (mg/kg/day) 1

d „ ED d ,,/BW „ ,,)))/(AT )

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

AD
03
03

AB
0

013

SAhlld SA d l t EF EDhlld ED „ „ I
1913 3300 350 6 24
1913 3300 350 6 24

BW hllc

15
15

i BW d l l

70
70

AT AT RfD |
2190 25550 4 OE 04
2190 25550 NTV

SF ,
NTV

7 3E+00
Total

Hazard
Index

0
NA

OOE+0

Cancer
Risk
NA

1 6E6
1 6E6

Hotspg I Risks xls Resident dermal RME 8/2 1044AM



Attachment A-29 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR hltl EF ED hld)/(BWchld ATre RfD *)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchl(j = Exposure Duration for a Child (years)
ED^ „ = Exposure Duration for an Adult (years)
BWchld = Body Weight for a Child (kg)
BWaa,,, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR h|ld = Soil Ingestion Rate for a Child (mg/day)
IR a n = Soil Ingestion Rate for an Adult (mg/day)
R,D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFor* ((IRchld EDchlyBWchld)+(IRad „ EDad lt/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForal = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

'"child

200
200

'"ad It

100
100

EF
350
350

EDO,,,,,
6
6

EDdl l

24
24

BW^

15
15

BW.d „
70
70

AT e ATe

2190 25550
2190 25550

RfDral

40E04
NTV

SForal

NTV
7 3E+00

Total

Hazard
Index
1 1E+0

NA
1 1E+0

Cancer
Risk
NA

25E6
25E6

Hotspot RDB Risks xls Resident-oral RME 8/21/2003 1044AM



Attachment A-29 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

RID ral)Equation 1 HI = (CS CF AD AB SA^ EF EDchNd)/(BW „,„ AT
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

i CF = Conversion Factor (1 Ix 1 0 s kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchiid = Surface Area of Exposed Skin for a Child (cm2/day)
SAad i, = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDcMd = Exposure Duration for a Child (years)
EDad n = Exposure Duration for an Adult (years)
BWcwid = Body Weight for a Child (kg)
BWad i, = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RiDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day) 1

d „ ED a ,,/BW „ ,,)))/(AT )

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

AD AB
004 0
004 013

SAjhud SA d it
1 440 2 000
1 440 2 000

EF EDhlld EDdl l

350 6 3
350 6 3

BWhlld BW d l t

15 70
15 70

AT AT
2190 25550
2190 25550

RfD |
40E04

NTV

SF ,
NTV

7 3E+00
Total

Hazard
Index

OOE+0
NA

OOE+0

Cancer
Risk
NA

76E8
76E8

Hotsp^MBIRisks xls Resident dermal CTE 8/21/2003 1044AM



Attachment A-29-1 7
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IRchld EF EDchw)/(BW wd AT RfD ̂
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchid = Exposure Duration for a Child (years)
EDadun = Exposure Duration for an Adult (years)
BWchk) = Body Weight for a Child (kg)
BWartj,, = Body Weight for an Adult (kg)
AT,*; = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO"6 kg/mg)
IRchid = Soil Ingestion Rate for a Child (mg/day)
|Rad |, = Soil Ingestion Rate for an Adult (mg/day)
R,D0 a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IR hld ED hl(/BWchld)+(IRad „ ED
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day) 1

,,)))/(ATc)

Chemical
Antimony
Benzo(a)pyrene

CS
34

022

CF
1E6
1E6

IRchiid
100
100

in..
50
50

EF
350
350

EDehlld

6
6

EDd l t

3
3

BWchlld

15
15

BW d l t

70
70

AT

2 190
2190

ATe

25550
25550

RfDral

40E 04
NTV

SF ,

NTV
7 3E+00

Total

Hazard
Index
5 4E 1

NA
54E 1

Cancer
Risk
NA

93E7
93E7

Hotspot RDB Risks xls Resident oral CTE 8/21/2003 1044AM



Attachment A-29-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot RDB Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

I
Hazard

CTE
Index

RME
Cancer

CTE
Risk

RME

Future Excavation/Construction Worker

Future Industrial/Commercial1

i

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0
0036
0036

0
0042
0042

0
029
029

0
0083
0083

60E 10
12E9
1 7E9

88E9
56E8
65E8

2 1 E 8
1 8E8
39E8

48E7
56E7
1 OE6

Current Trespasser/Site Visitor

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0
00010
00010

0
054
054

0
00040
00040

0
1 1
1 1

50E 10
24E9
29E9

76E8
93E7
1 OE6

42E8
32E8
74E8

1 6E6
25E6
41E6

Hotspot RDB Risks xls Risk Summary 8/21/2003 1044AM



Attachment A 30 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot RDC Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot RDC Surface Soil (0-0 5 feet BGS)
Chronic
RfD,.,

(mg/kg day)
N

20E03
30E03

Hotspot RDC Combined Surface and Subsurface Soil (0-10 feet BGS)

(mg/kg-day) (mg/kg day)Chemical
I

Beryllium
Chromium

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot RDC Risks Is Data 9/10/2003 842AM



Attachment A-30-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfD0 „)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) '
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days) ,
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
36
34

CF
1E6
1E6

AD AB
09 0
09 0

SA
3300
3300

EF
60
60

ED
1
1

BW
70
70

ATnc

84
84

ATC

25550
25550

RfDora.

50E03
20E02

SForal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotsi Risks xls Excavation Worker dermal RME 8/21/2003 1040AM/2003 1



Attachment A-30-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Beryllium
Chromium

CS
36
34

CF
1E6
1E6

IR
330
330

EF
60
60

ED
1
1

BW
70
70

ATnc ATC

84 25 550
84 25 550

RfDoral

50E03
20E02

SForai
NTV
NTV

Total

Hazard
Index
24E 3
57E3
8 1E 3

Cancer
Risk
NA
NA

OOE+0

Hotspot RDC Risks xls Excavation Worker oral RME 8/21/2003 1040AM



Attachment A-30-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT,* RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATTO = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Beryllium
Chromium

CS
21
30

CF
1E6
1E6

AD AB
02 0
02 0

SA EF
2 000 30
2 000 30

ED
1
1

BW
70
70

ATnc

42
42

ATC

25550
25550

RfDoral
50E03
20E02

SForai
NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hots € Risks xls Excavation Worker dermal CTE 8/21/2003 1040AM/20Q3 1



Attachment A-30-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
21
30

CF
1E6
1E6

IR
100
100

EF
30
30

ED
1
1

BW
70
70

ATnc ATC

42 25 550
42 25 550

RfDora,
50E03
20E02

SFora|

NTV
NTV

Total

Hazard
Index
42E 4
1 5E3
20E3

Cancer
Risk
NA
NA

OOE+0

Hotspot RDC Risks xls Excavation Worker oral CTE 8/21/2003 1040AM



Attachment A-30-6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

' Where HI = Hazard Index (unitless)
, ! CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora] = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
67
37

CF

1E6
1E6

AD AB

020 0
020 0

SA EF

3 300 250
3 300 250

ED

25
25

BW

70
70

ATnc ATe

9125 25550
9125 25550

RfDoal

20E03
30E03

SForai

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

C Risks xls Site Worker dermal RME 8/21/2^3 10 40 AM/2^3 1



Attachment A-30-7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
FffDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
67
37

CF
1E 6
1E6

IR
100
100

EF
250
250

ED
25
25

BW
70
70

ATnc ATC

9125 25550
9125 25550

RfDora,

20E 03
30E03

SForal

NTV
NTV

Total

Hazard
Index
33E 3
1 2E2
1 5E2

Cancer
Risk
NA
NA

OOE+0

Hotspot RDC Risks xls Site Worker oral RME 8/21/2003 1040AM



Attachment A-30-8
Future Industrial/Commercial Worker

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
I CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2) i
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cma/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
37
34

CF
1E6
1E6

AD
003
003

AB
0
0

SA EF
2 000 250
2000 250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfD0 al

20E03
30E03

SFoal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotspa 3C Risks xls Site Worker dermal CTE 8/21/2003 1040AM



Attachment A-30-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^. RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
37
34

CF
1E6
1E6

IR
50
50

EF
250
250

ED
5
5

BW
70
70

ATnc ATC

1 825 25 550
1 825 25 550

RfDoral

20E03
30E03

SFoal

NTV
NTV

Total

Hazard
Index
91E 4
55E3
65E3

Cancer
Risk
NA
NA

OOE+0

Hotspot RDC Risks xls Site Worker-oral CTE 8/21/2003 1040AM



Attachment A-30-10
Current Trespasser/Site Visitor

- Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)
i

Where HI = Hazard Index (unitless) ,
' CS = Concentration of Chemical in Soil (mg/kg)

CF = Conversion Factor (1 x 106 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Doral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless) i
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
67
37

CF
1E6
1E6

AD
03
03

AB
0
0

SA EF
3300 12
3300 12

ED
30
30

BW
70
70

ATnc ATC RfDoral

10950 25550 2 OE 03
10950 25550 3 OE 03

SForai
NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotsi C Risks xls Trespasser dermal RME 8/21/2QQ3 1040AM1/2003 '



Attachment A-30-11
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
67
37

CF
1E6
1E6

IR
100
100

EF
12
12

ED
30
30

BW
70
70

ATnc ATC

10950 25550
10950 25550

RfDoral

20E03
30E03

SForai
NTV
NTV

Total

Hazard
Index
1 6E4
58E4
74E4

Cancer
Risk
NA
NA

OOE+0

Hotspot RDC Risks xls Trespasser oral RME 8/21/2003 1040AM



Attachment A-30-12
Current Trespasser/Site Visitor

-Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)
i

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

! CF = Conversion Factor (1 x 108 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days) i
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
37
34

CF
1E6
1E6

AD AB
004 0
004 0

SA EF
2000 6
2000 6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3285 25550

RfDora,
20E03
30E03

SForal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hots; Risks xls Trespasser dermal CTE 8/21/2003 1040AM1/2003 1



Attachment A-30-13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoal)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfD0 ai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Beryllium
Chromium

CS
37
34

CF
1E6
1E6

IR
50
50

EF
6
6

ED
9
9

BW
70
70

ATnc ATC

3285 25550
3285 25550

RfDoral
20E03
30E03

SForal

NTV
NTV

Total

Hazard
Index
22E 5
1 3E4
1 5E4

Cancer
Risk
NA
NA

OOE+0

Hotspot RDC Risks xls Trespasser oral CTE 8/21/2003 1040AM



Attachment A-30 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SAd» EF ED^a)/(BWcttM AT^ RfD ral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0"6 kg/mg) i
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAchi|d = Surface Area of Exposed Skin for a Child (cm2/day)
SA d „ = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
ED hl,d = Exposure Duration for a Child (years)
ED d |, = Exposure Duration for an Adult (years)
BWchu, = Body Weight for a Child (kg)
BWad „ = Body Weight for an Adult (kg)
ATn,- = Averaging Time for Non Carcinogens (days)
R|D , = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SForal ((SA^ EDchld/BW(:h,id)+(SA d „ ED d ,/BW d ,,)))/(AT
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Beryllium
Chromium

CS
67
37

CF
1E6
1E6

AD
03
03

AB
0
0

SAehiid SA „ „ EF ED hlld ED d „
1913 3300 350 6 24
1913 3300 350 6 24

BWhlld BWd l l

15 70
15 70

AT AT
2190 25550
2190 25550

RfD ,
20E03
30E03

SF ,
NTV
NTV

Total

Hazard
Index

0
0

OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotspol Risks xls Resident dermal RME 8/21/2^3 1040AM



Attachment A-30 15
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR hi,d EF EDchild)/(BW hld AT c RfDoral)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchl|d = Exposure Duration for a Child (years)
EDadun = Exposure Duration for an Adult (years)
BWchk) = Body Weight for a Child (kg)
BWadU|, = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xlO 6 kg/mg)
IR mid = Soil Ingestion Rate for a Child (mg/day)
IRadun = Soil Ingestion Rate for an Adult (mg/day)
RfDorai= Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SFoal ((IRchld EDchld/BWchld)+(IRadull EDad ,/BWad ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SF0 a, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical CS CF EF EDehlld EDd l l BWhhd BW dlt AT AT RfD ral SForal

Hazard Cancer
Index Risk

Beryllium
Chromium

67
37

1E6
1E6

200
200

100
100

350
350

6
6

24
24

15
15

70
70

2190 25550 2 OE 03
2190 25550 3 OE 03

NTV
NTV

Total

43E 2
1 6E 1
20E 1

NA
NA

OOE+0

Hotspot ROC Risks xls Resident-oral RME 8/21/2003 1040AM



Attachment A-30 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA^ EF EDMM)l(BWMu AT^ RfD „,)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10 6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SAehuo = Surface Area of Exposed Skin for a Child (cm2/day)
SA d n = Surface Area of Exposed Skin for an Adult (cm2/day)
EF = Exposure Frequency (days/year)
EDcMid = Exposure Duration for a Child (years)
ED d n = Exposure Duration for an Adult (years)
BWcMd = Body Weight for a Child (kg)
BW a i, = Body Weight for an Adult (kg)
ATn,, = Averaging Time for Non Carcinogens (days)
R,D raj = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB EF SF ral ((SA^ EDchild/BWchlla)+(SA d „ ED „ ,,/BW „ ,,)))/(AT )
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SForaJ = Oral Cancer Slope Factor (mg/kg/day) '

Chemical CS CF AD AB SA, SA, EF, ED ED BW, BW d It AT AT RfD
Hazard Cancer

SF , index Risk
Beryllium
Chromium

37
34

1E6
1E6

004
004

0
0

1 440
1 440

2 000 350
2 000 350

6
6

3
3

15
15

70
70

2190 25550
2190 25550

20E 03
30E03

NTV 0 OE+0
NTV 0 OE+0

Total 0 OE+0

NA
NA

OOE+0

SpgfTC Risks xls Resident dermal CTE 8/21 1040AM



Attachment A 30 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RDC Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR hlld EF EDchld)/(BWchld AT^ RfDoal)
(hazard estimate assumes child only exposure)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchid = Exposure Duration for a Child (years)
ED oui, = Exposure Duration for an Adult (years)
BWchk) = Body Weight for a Child (kg)
BWaoui, = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
CF = Conversion Factor (1 xtO"6 kg/mg)
|Rchld = Soil Ingestion Rate for a Child (mg/day)
IR ^n = Soil Ingestion Rate for an Adult (mg/day)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF EF SForal ((IR hlld EDchld/BW hld)+(IR d „ ED
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)

i = Oral Cancer Slope Factor (mg/kg/day) 1

,,)))/(AT

Chemical
Beryllium
Chromium

CS
37
34

CF
1E6
1E6

IR hiid
100
100

IR- „
50
50

EF
350
350

EDehlld

6
6

EDad „

3
3

BW hlld

15
15

BWd l,

70
70

AT e

2 190
2190

AT

25550
25550

RfD ,
20E 03
30E03

SFral

NTV
NTV

Total

Hazard
Index
1 2E 2
72E2
84E2

Cancer
Risk
NA
NA

OOE+0

Hotspot RDC R sks xls Resident oral CTE 8/21/2003 1040AM



Attachment A-30-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot RDC Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Future Industrial/Commercial Worker
Dermal
Ingestion
Total

Current Trespasser/Site Visitor
, Dermal

Ingestion
Total

Hypothetical Future Resident
Dermal
Ingestion
Total

Hazard
CTE

0
00020
00020

0
00065
00065

0
000015
000015

0
0084
0084

Index
RME

0
00081
00081

0
0015
0015

0
0 00074
0 00074

0
020
020

Cancer
CTE

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

Risk
RME

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

OOE+0
OOE+0
OOE+0

Hotspot RDC Risks xls Risk Summary 8/21/2003 1040AM



Attachment A-31 1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Hotspot RR
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot RR Surface Soil (0-0 5 feet BGS)

Maximum Frequency of
Detect Detection

Hotspot RR Combined Surface and Subsurface Soil (0-10 feet BGS)
Dermal

Absorption
(unitle s)

Maximum Frequency of
Detect Detection

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot RR Risks xls Data 9/10/2003 842AM



Attachment A-3 1-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hots pot RR

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless) |
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0 6 kg/mg)|

AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cmz/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Ofal Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SForai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
||Beryllium
Chromium

CS
1 3
48

CF
1E6
1E6

AD
09
09

AB
0
0

SA EF
3 300 60
3 300 60

ED
1
1

BW
70
70

ATnc ATC

84 25 550
84 25 550

RfDora,
50E03
20E02

SForai
NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotspo^R Risks xls Excavation Worker dermal RME 8/21/2003 1013AM



Attachment A-31-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot RR

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

||Beryllium
Chromium

CS
1 3
48

CF
1E6
1E6

IR
330
330

EF
60
60

ED
1
1

BW
70
70

ATnc

84
84

ATC

25550
25550

RfDoral

50E03
20E02

SForal

NTV
NTV

Total

Hazard
Index
88E 4
8 1E3
90E3

Cancer
Risk
NA
NA

OOE+0

Hotspot RR Risks xls Excavation Worker oral RME 8/21/2003 10 13 AM



Attachment A-31-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RR

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)

' ,CF = Conversion Factor (1 x 106 kg/mg) , '
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
((Beryllium
Chromium

CS
087
3300

CF
1E6
1E6

AD AB
02 0
02 0

SA EF
2 000 30
2 000 30

ED
1
1

BW
70
70

ATnc

42
42

ATe

25550
25550

RfD0 .,

50E03
20E02

SFoal

NTV
NTV

Total

Hazard
Index

OOE+0
OOE+0
OOE+0

Cancer
Risk
NA
NA

OOE+0

Hotsp 3R Risks xls Excavation Worker dermal CTE 8/21/2003 10 13AM



Attachment A-31-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot RR

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoral)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ra,)/(BW AT )

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
||Beryllium
Chromium

CS
087
3300

CF
1E 6
1E6

IR
100
100

EF
30
30

EO
1
1

BW
70
70

ATnc

42
42

ATC

25550
25550

RfDorai
50E 03
20E02

SFora|

NTV
NTV

Total

Hazard
Index
1 8E 4
1 7E3
1 9E3

Cancer
Risk
NA
NA

OOE+0

Hotspot RR Risks xls Excavation Worker oral CTE 8/21/2003 1013AM



Attachment A-31-6
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot RR
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Hazard Index
CTE RME

0 0
00019 00090
00019 00090

Cancer Risk
CTE RME

0 0
0 0
0 0

Hotspot RR Risks xls Risk Summary 8/21/2003 1013AM



Attachment A 32 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Hotspot SEA Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hotspot SEA Combined Surface and Subsurface Soil (0-10 feet BGS)

UtjresentfatiDacKoroOncill
NE Not evaluated quantitatively
NTV No toxicrty value

Hotspot SEA R sks xls Data 9/1CV2003 843AM



Attachment A-32-2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot SEA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfD0J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 1 0 6 kg/mg) '
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SF0 ai = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
26
21
25
036
1 4

CF
1E6
1E6
1E6
1E6
1E6

i
AD
09
09
09
09
09

AB
013
013
013
013
013

SA
3300
3300
3300
3300
3300

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

ATC

84
84
84
84
84

ATC

25550
25550
25550
25550
25550

RfDoal

NTV
NTV
NTV
NTV
NTV

SForal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

2 5 E 8
20E7
24E8
3 4 E 8
1 3E8
2 9 E 7

HotSĵ /̂:A Risks xls Excavation Worker dermal RME 8/21/2003 1002AM



Attachment A-32-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot SEA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT c RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
26
21
25
036
1 4

CF
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330

EF
60
60
60
60
60

ED
1
1
1
1
1

BW
70
70
70
70
70

AT e

84
84
84
84
84

ATC

25550
25550
25550
25550
25550

RfDoal

NTV
NTV
NTV
NTV
NTV

SF0 ,

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

21E8
1 7E7
20E8
29E8
1 1E8
25E7

Hotspot SEA Risks xls Excavation Worker oral RME 8/21/2003 1002AM



Attachment A-32 4
Future Excavation/Construction Worker

Estimated Risk for-Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot SEA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATTC RfDoal)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT c = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)
SF0fai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
1 38
1 07
1 33
020
078

CF
1E6
1E6
1E6
1E6
1E6

AD
02
02
02
02
02

AB
013
013
013
013
013

SA
2000
2000
2000
2000
2000

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

42
42
42
42
42

ATe

25550
25550
25550
25550
25550

RfD0 |
NTV
NTV
NTV
NTV
NTV

SFoal

73E01
7 3E+00
73E01
7 3E+00
73E01

Total

Hazard
Index

NA
NA
NA
NA
NA

OOE+0

Cancer
Risk

88E 10
68E9

85E 10
1 2E9

50E 10
1 OE8

spo^A Risks xls Excavation Worker dermal CTE 8/21/2003 1002AM



Attachment A-32-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot SEA Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfD0 al)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT c = Averaging Time for Non Carcinogens (days)
R,D a, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SFoal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
1 38
1 07
1 33
020
078

CF
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100

EF
30
30
30
30
30

ED
1
1
1
1
1

BW
70
70
70
70
70

ATnc

42
42
42
42
42

ATC

25550
25550
25550
25550
25550

RfDoral

NTV
NTV
NTV
NTV
NTV

SForal

73E 01
7 3E+00
73E01
7 3E+00
73E01

Hazard
Index

NA
NA
NA
NA
NA

Cancer
Risk

1 7E 9
1 3E8
1 6E9
24E9
96E 10

Total 0 OE+0 2 OE 8

Hotspot SEA Risks xls Excavation Worker oral CTE 8/21/2003 1002AM



Attachment A-32-6
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot SEA Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Future Excavation/Construction Worker
Dermal
digestion
Total

Hazard Index
CTE RME

0 0
0 0
0 0

Cancer Risk
CTE RME

1 OE 8 2 9E 7
2 OE 8 2 5E 7
3 OE 8 5 5E 7

Hotspot SEA Risks xls Risk Summary 8/21/2003 1002AM



Attachment A 33 1
Summary of COPCs Exposure Point Concentrations- and Toxicity Values

Hotspot SEB Area
St Louis Army Ammunition Plant (SL AAP)

St Louis Missouri

Hotspot SEB Combined Surface and Subsurface Soil (0-10 feet BGS)

NE Not evaluated quantitatively
NTV No toxicity value

Hotspot SEB Risks xJs Data 9/10/2003 843AM



Attachment A-33-2
Future Excavation/Construction Worker

Estimated Risk for-Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot SEB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg) I
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (days)
SFora] = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

AD AB
09 013

SA EF
3 300 60

ED
1

BW
70

ATnc ATC

84 25 550
RfDora.

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 7E8
1 7E8

Hotspot SEB Risks xls Excavation WorVer-dermal RME ^_ 8/21/2QM 1000 AM



Attachment A-33-3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Hotspot SEB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATnc RfDoral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
FlfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Benzo(a)pyrene
CS
018

CF
1E6

IR
330

EF
60

ED
1

BW
70

ATne ATC

84 25 550
RfDora,

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 5E 8
1 5E8

Hotspot SEB Risks xls Excavation Worker oral RME 8/21/2003 1000AM



Attachment A-33-4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot SEB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATnc RfDora,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 108 kg/mg)i '
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(Dorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SFora,)/(BW ATC)

Where CR = Cancer Risk (umtless)
ATC = Averaging Time for Carcinogens (days)

' SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

AD AB
02 013

SA EF
2 000 30

ED
1

BW
70

ATnc ATC

42 25 550
RfDora,

NTV
SForal

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

1 1E9
1 1E9

Hotspo^EE8 Risks xls Excavation Worker-dermal CTE 8/21 1000AM



Attachment A-33-5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 0-10 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Hotspot SEB Area

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATno RfDora,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x106 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATnc = Averaging Time for Non Carcinogens (days)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SForal)/(BW ATC)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SFora, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Benzo(a)pyrene

CS
018

CF
1E6

IR
100

EF
30

ED
1

BW
70

ATnc ATC

42 25 550
RfDoral

NTV
SFora|

7 3E+00
Total

Hazard
Index

NA
OOE+0

Cancer
Risk

22E 9
22E9

Hotspot SEB Risks xls Excavation Worfcer oral CTE 8/21/2003 1000AM



Attachment A-33-6
Summary of Cancer Risks and Non-Cancer Hazard Indices

Hotspot SEB Area
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

1

Future Excavation/Construction Worker
Dermal
Ingestion
Total

Hazard Index
CTE RME

0 0
0 0
0 0

Cancer Risk
CTE RME

11E9 17E8
2 2E 9 1 5E 8
34E9 32E8

Hotspot SEB Risks xls Risk Summary 8/21/2003 1000AM



Attachment A 34 1
Summary of COPCs Exposure Point Concentrations and Toxicity Values

Site Wide
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Site-Wide Surface Soil

Chemical
Dioxm TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

units
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/k9

Minimum
Detect

4 90E 07
00049
00065
00006
00012

1 9
067
0088

2
16
21

0008
0002
0002
0003
0002
0002
0001

Maximum
Detect

200E04
14

035
65

1100
34
14
67
151
126

1790
1 5
25
19
16
19
71
11

Frequency of
Detection

31/31
23/189
17/193
29/41
30/41
72/175
173/173
172/172
172/172
171/172
164/172
160/172
124/156
122/156
122/156
122/154
69/154
117/156

RME
550E05

31
035
43
72
83
60
073
24
39
68

0079
036
048
035
021
016
025

CTE
3 40E 05

13
035
1 6
27
78
57
067
23
27
48

006
026
028
026
016

0081
019

Dermal
Absorption
(unitless)

003
014
014
003
003

0
003

0
0
0
0
0

013
013
013
013
013
013

Chronic
RID™,

(mg/kg-day)
NTV

20E05
2.0E05
50E-04
50E04
40E-04
30E-04
20E-03
30E-03
40E02

NTV
30E-04

NTV
NTV
NTV
NTV
NTV
NTV

SFn,,

(mg/kg-day)
1 5E+05

2/1
2/1

34E-01
34E-01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
73E+00
73E01
73E-02
73E+00
73E01

Background

1322
1 01

2546
591
363
015
089
074
063
046
03
041

Site-Wide Combined Surface and Subsurface Soil (0-10 feet BGS)

Chemical
Dioxin TEQ
PCB 1248
PCB-1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
ulercury
Benzo(a)anthracene
Jenzo^pyvene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Oibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

units
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Minimum
Detect

49E07
00049
00065
00006
00006

1 8
067

00087
2

1 6
21

0008
0002
0002
0001
0002
0001
0001

Maximum
Detect

30E-04
14

035
65

1100
34
14
67
151

1260
1790
15
25
19
16
19
71
11

Frequency of
Detection

70/70
45/549
18/553
28/67
54/88

239/502
500/500
499/499
499/499
498/499
450/499
446/500
251/458
241/458
249/458
252/451
115/453
228/455

RME
36E05

1 1
035
26
34
75
55
071
23
22
32

0049
032
021
027
023
0078
020

CTE
23E05

051
035
1 0
13
73
54
067
22
18
25

0041
022
014
021
016
0052
015

Dermal
Absorption
(unitless)

003
014
014
003
003

0
003

0
0
0
0
0

013
013
013
013
013
013

Chronic
RID™,

(mg/kg-day)
NTV

50E-05
50E05
50E-04
50E04
40E04
30E04
50E03
20E02
40E-02

NTV
30E-03

NTV
NTV
NTV
NTV
NTV
NTV

SFnl

(mg/kg-day) '
1 5E+05

2/1
2/1

34E01
34E-01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
73E+QO
73E01
73E02
73E+00
73E01

Background

1322
1 01

2546
591
363
015
089
074
063
046
03
041

The RfD for PCB-1254 was used to evaluate PCB 1248
Lead has no RfD or SF and is evaluated separately
IRIS recommends using a slope factor of 2 0 for RME and 1 0 for CTE

NTV No toxicity value

Site wid nsto xls D t 3)102003 B 23 AM



Attachment A 34 2
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

—— _ Reasonable Maximum Exposure (RME) _
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT™- RID „)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10^ kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)

I ' ED = Exposure Duration (years)
BW = Body Weight (kg)
ATre = Averaging Time for Non Carcinogens (days) ,
R,D „, = Oral Reference Dose (mg/kg/day) '

Equation 2 CR = (CS CF AD AB SA EF ED SF J/(BW AT)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF ^ = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxin TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)(luoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
3 60E-05

1 1
035
26
34 ,
75
55
071
23
22
32

0049
032
021
027
023
0078
02

CF
1E-6
1E-6
1E-6
1E-6
1E6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E6
1E6
1E-6
1E-6
1E-6

AD
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09

AB
003
014
014
003
003

0
003

0
0
0
0
0

013
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF ED
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT«

84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

f»Dnl

MTV
50E05
50E05
50E-04
50E-04
40E04
30E-04
50E-03
20E02
40E-02

MTV
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF ,
1 5E+05
2 OE+00
2 OE+00
34E-01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E-01
7 3E+00
73E01
73E-02
7 3E+00
73E-01

Hazard
Index

NA
93E2
30E 2
47E3
62E2
OOE+0
1 7E2
OOE+0
OOE+0
OOE+0

NA
OOE+0

NA
NA
NA
NA
NA
NA

Cancer
Risk

1 6E8
31E8
9 BE 9
26E9
35E-8

NA
25E8

NA
NA
NA
NA
NA

30E9
20E8
26E 9
22E 10
74E9
19E9

Total 21E1 15E7

Site wditdaggaxxls Exca alien Worke -dermal RME 1011AM



Attachment A 34 3
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD „,)

Where HI = Hazard Index (unilless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATTC = Averaging Time for Non Carcinogens (days)
RtD,™, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

Dioxm TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
IndenoO 2 3 cd)pyrene

CS
3 60E 05

1 1
035
26
34
75
55
071
23
22
32

0049
032
021
027
023
0078
02

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330

EF ED
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1
60 1

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT™
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84

AT
25 550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfDra,
NTV

50E05
50E05
50E04
50E04
40E04
30E04
50E03
20E02
40E02

NTV
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SFral

1 5b+05
2 OE+00
2 OE+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index

NA
74E2
24E2
1 BE 2
23E 1
63E2
62E2
48E4
39E3
1 9E3

NA
55E 5

NA
NA
NA
NA
NA
NA

48E 1

Cancer
Risk

oOE 8
24E8
77E9
98E9
1 3E7

NA
91E8

NA
NA
NA
NA
NA

26E9
1 7E8
22E 9
1 9E 10
63E 9
16E9
35E7

S te wide risks ids Exca at o Worker-oral RME 9/9/2003 1011 AM



Attachment A 34 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

__ Central Tendency Exposure (CTE)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATro RfD „,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor for Soil (mg/cmj)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,. = Averaging Time for Non Carcinogens (days)

i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra)/(BW AT )

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (days)
SF „,, = Oral Cancer Slope Factor (mg/kg/day) '

Chemical
Dioxin TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cdjpyrene

CS
2 30E-05

051
035

1
13
73
54
067
22
18
25

0041
022
014
021
016
0052
015

CF
1E6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6

AD
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

AB
003
014
014
003
003

0
003

0
0
0
0
0

013
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF ED
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

ATro

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD „
NTV

50E-05
50E-05
50E-04
50E-04
40E-04
30E-04
50E03
20E02
40E-02

NTV
30E-03

NTV
NTV
NTV
NTV
NTV
NTV

SF „
1 5E+05
1 OE+00
1 OE+00
34E-01
34E-01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E-01
73E-02
73E+00
73E-01

Total

Hazard
Index

NA
58E3
40E3
24E4
32E3
OOE+0
22E3
OOE+0
OOE+0
OOE+0

NA
OOE+0

NA
NA
NA
NA
NA
NA

1 5E2

Cancer
Risk

69E 10
4 BE 10
33E 10
68E 11
89E10

NA
1 6E9

NA
NA
NA
NA
NA

1 4E 10
89E 10
1 3E 10
1 OE 11
33E 10
96E 11
57E9

Site wide^ t̂t xids Exca atio Worke dermal CTE 1011AM



Attachment A 34 5
Future Excavation/Construction Worker

Estimated Risk for Ingestion of Surface and Subsurface Soil
COPCs 010 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD )

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x108 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATre = Averaging Time for Non Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ,J/(BW AT )

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxin TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dlbenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
2 30E-05

051
035

1
13
73
54
067
22
18
25

0041
022
014
021
016
0052
015

CF
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

EF ED
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1

BW
70
7u
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT

42
**2
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

AT
25550
2o550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD,,,
NTV

50E05
50E05
50E04
50E04
40E04
30E04
50E03
20E02
40E02

NTV
30E03

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
1 5E+05

OE^CO
1 OE+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index

NA
OE2

71E3
20E3
27E2
1 9E2
1 8E2
1 4E4
1 1E3
46E4

NA
1 4E5

NA
NA
NA
NA
NA
NA

85E2

Cancer
Risk

58E9
SRP m
59E 10
57E 10
74E9

NA
1 4E8

NA
NA
NA
NA
NA

27E 10
1 7E9

26E10
20E 11
64E 10
1 8E 10
32E8

Site wide nsks xla Exca tlo Work -oral CTE 9/9/2003 1011 AM



Attachment A 34 6
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

_^ Reasonable Maximum^ Exposure (RME)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATre

Where HI = Hazard Index (unltless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cmz)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cnWday)
EF = Exposure Frequency (days/year)
ED ̂ 'Exposure Duration (years)
BW = Body Weight (kg)
AT,,. = Averaging Time for Non Carcinogens (days)
RiDomi = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ,.,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF,,™, = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxm TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
5 50E-05

31
035
43
72
83

| 60
073
24
39
68

0079
036
048
035
021
016
025

CF
1E-6
1E6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6

' 1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E6
1E6

AD
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020
020

AB
003
014
014
003
003

0
003

0
0
0
0
0

013
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250

ED
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT« AT
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9 125 25 550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9 125 25 550
9125 25550
9125 25550

RfD ,
NTV

20E-05
20E-05
50E04
50E04
40E 04
30E04
20E-03
30E-03
40E-02

NTV
30E-04

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
1 5E+05
2 OE+00
2 OE+00
34E-01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E-02
7 3E+00
73E-01

Total

Hazard
Index

NA
14E1
1 6E2
1 7E3
28E2
OOE+0
39E3
OOE+0
OOE+0
OOE+0

NA
OOE+0

NA
NA
NA
NA
NA
NA

1 9E 1

Cancer
Risk

57E7
20E-6
23E7
1 OE7
1 7E6

NA
62E7

NA
NA
NA
NA
NA

79E8
1 1E6
77E8
46E9
35E7
55E8
68E-6

S le widuWu >xls Slew rfce -dermal RME 1011 AM



Attachment A 34 7
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW ATm RfD „,)

Where HI = Hazard Index (unitless)
CS = Concentration ol Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10"° kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
ATn,. = Averaging Time for Non Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ral)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxin TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
5 50E 05

3i
035
43
72
83
60

073
24
39
68

0079
036
048
035
021
016
025

CF
1E-6
iE6
1E6
1E6
1E-6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
iuO
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

EF
250
<K>U

250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250

ED
25
<:5
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

BW
70
•'O
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

ATM AT
9125 25550
3 25 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550
9125 25550

RfD™i
NTV

20EO-
20E05
50E04
50E-04
40E04
30E04
20E03
30E03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
1 5E+05
2 nc-^O0

2 OE+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E02
73E+00
73E01

Total

Hazard
Index

NA
1 *E 1
1 7E2
84E3
14E1
20E2
20E2
36E4
78E3
95E4

NA
26E4

NA
NA
NA
NA
NA
NA

37E1

Cancer
Risk

29E6
22E6
24E7
51E7
86E6

NA
31E6

NA
NA
NA
NA
NA

92E8
1 2E6
89E8
54E9
41E7
64E8
1 9E5

Site wide risks ids Site Worke -o al RME 9/9/2003 1011 AM



Attachment A 34 8
Future Industrial/Commercial Worker

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

_,____Central Tendency Exposure (CTE)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CPAD AB SA EF ED)/(BW ATre RID „,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"6 kg/mg)
AD = Adherence Factor tor Soil (mg/cm2)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm'/day)
EF = Exposure Frequency (days/year) i
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATro = Averaging Time for Non Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF^XfBW AT )

Where CR = Cancer Risk (unilless)
AT = Averaging Time for Carcinogens (days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)1

Chemical
Dioxm TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
3 40E-05

1 3
035
1 6
27
78
57

067
23
27
48

006
026
028
026
016

0081
019

CF
1E-6
1E-6
1E-6
1E-6
IE-6
1E-6
1E-6
1E6
1E-6
1E6
1E6
1E-6
1E-6
1E6
1E-6
1E-6
1E-6
1E-6

AD
003
003
003
003
003
003
003
003
003
003
003
003
003
003
003
003
003
003

AB
003
014
014
014
014
014
014
014
014
014
014
014
014
014
014
014
014
014

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT,,
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825
1 825

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

RtD a

MTV
20E-05
20E-05
50E-04
50E-04
40E-04
30E04
20E-03
30E-03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SF™,
1 5E+05
1 OE+00
1 OE+00
34E-01
34E-01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E-02
7 3E+00
73E-01

Total

Hazard
Index

NA
53E3
1 4E3
26E4
44E3
1 6E3
1 6E3
28E5
63E4
55E 5

NA
1 6E5

NA
NA
NA
NA
NA
NA

1 5E2

Cancer
Risk

64E9
76E9
21E9
32E9
54E8

NA
50E-8

NA
NA
NA
NA
NA

1 1E9
1 2E8
1 1E9

69E11
35E9

81E10
1 4E7

Site widjAtx,xl3 S te Worke -dermal CTE M^pa 1011 AM



Attachment A 34-9
Future Industrial/Commercial Worker

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RfD „,)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical In Soil (rng/kg)
CF = Conversion Factor (1 x10 6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT,,, = Averaging Time for Non Carcinogens (days)
R(D i = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ra,)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxin TEQ
PCB 1248
PCS 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anlhracene
Benzo(a)pyrene
Benzo(b)tluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
3 40E-05

1 3
035
1 6
27
78
57

067
23
27
48

006
026
028
026
016
0081
019

CF
1E-6
1E-6
1E6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6

IR
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

EF
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250

ED
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT,,, AT
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550
1 825 25 550

RfD,.,
NTV

20E05
20E-05
50E04
50E-04
40E-04
30E04
20E03
30E03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SF™,
1 5E+05
1 OE+00
1 OE+00
34E-01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E-01
73E-02
7 3E+00
73E-01

Total

Hazard
Index

NA
32E2
86E3
16E3
26E2
95E3
93E3
1 6E4
38E3
33E4

NA
98E5

NA
NA
NA
NA
NA
NA

92E2

Cancer
Risk

1 8E7
45E8
12E8
1 9E8
32E7

NA
30E7

NA
NA
NA
NA
NA

66E9
7 1 E 8
66E9
41E 10
21E8
48E9
99E7

Ste wide risks xls SleWorke oalCTE 9/9/2003 1011 AM



Attachment A 34 10
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

—— - Reasonable Maximum Exposure (RME)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW AT,,. RfD J

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cm!)
AB = Absorbed Fraction (unitless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years) '

i BW = Body Weight (kg)
ATn,. = Averaging Time tor Non Carcinogens (days)
R,D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF AD AB SA EF ED SF ra)/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (days)
SF rai = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxm TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony '
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
5 50E 05

31
035
43
72
83
60

073
24
39
68

0079
036
048
035
021
016
025

CF
1E6
1E6
1E-6
1E6
1E6
1E6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6

AD
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

AB
003
014
014
003
003
0

003
0
0
0
0
0

013
013
013
013
013
013

SA
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300

EF
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT^ AT
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10 950 25 550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfD „
NTV

20E05
20E-05
50E-04
50E-04
40E-04
30E-04
20E-03
30E-03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SF«.,
1 5E+05
2 OE+00
2 OE-t-00
34E-01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E-01
7 3E+00
73E-01
73E-02
7 3E+00
73E-01

Total

Hazard
Index

NA
1 OE2
1 1E3
1 2E-4
20E3
OOE+0
28E-4
OOE+0
OOE+0
OOE+0

NA
OOE+0

NA
NA
NA
NA
NA
NA

1 4E2

Cancer
Risk

49E8
17E7
20E8
87E9
15E7

NA
54E8

NA
NA
NA
NA
NA

68E9
91E8
66E9
40E10
30E8
47E9
59E7

St wrî Mte Is Tespass -dermal RME 10 11 AM



Attachment A 34 11
Current Trespasser/Site Visitor

Estimated Risk for Ingestlon of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT^ RID „,)

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x10 G kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT = Averaging Time for Non Carcinogens (days)
R,D rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ral)/(BW AT )

Where CR = Cancer Risk (umtless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)'

Chemical
Dioxin TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
5 50E-05

31
035
43
72
83
60

073
24
39
68

0079
036
048
035
021
016
025

CF
1E 6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

EF
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

ED
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT™ AT
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550
10950 25550

RfDra,
NTV

20E05
20E05
50E04
50E04
40E04
30E04
20E03
30E03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SFral

1 5E+05
2 OE+00
2 OE+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index

NA
73E J
82E4
40E4
68E3
97E4
94E4
17E5
38E4
46E5

NA
1 2E5

NA
NA
NA
NA
NA
NA

1 8E2

Cancer
Risk

1 7E 7
1 <:E7
1 4E8
29E8
49E7

NA
18E7

NA
NA
NA
NA
NA

53E9
71E8
51E9
31E 10
24E8
37E9
1 1E6

S t wid ks ids T espas -oral RME 9/9/2003 1011 AM



Attachment A 34 12
Current Trespasser/Site Visitor

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

_ _ __ .Central Tendency Exposure (CTE)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis, Missouri

Equation 1 HI = (CS CF AD AB SA EF ED)/(BW ATn,. RfD ,J

Where HI = Hazard Index (umtless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 x 10"8 kg/mg)
AD = Adherence Factor for Soil (mg/cm2)
AB = Absorbed Fraction (umtless)
SA = Surface Area of Exposed Skin (cm2/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATrc = Averaging Time for Non Carcinogens (days)

i R,D „ = Oral Reference Dose (mg/kg/day)
I

Equation 2 CR = (CS CF AD AB SA EF ED SF ra,)/(BW AT )

Where CR = Cancer Risk (umtless)
AT - Averaging Time for Carcinogens (days)
SF ral = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxin TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(l 2 3-cd)pyrene

CS
3 40E-05

1 3
035
1 6
27
78
57
067
23
27
48

006
026
028
026
016
0081
019

CF
1E-6
1E-6
1E6
1E6
1E-6
1E6
1E-6
1E-6
1E-6
1E-6
1E-6
1E-6
1E6
1E-6
1E-6
1E-6
1E-6
1E-6

AD
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004

AB
003
014
014
003
003

0
003

0
0
0
0
0

013
013
013
013
013
013

SA
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT,.

3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285
3285

AT
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

RID™,
NTV

20E05
20E05
50E04
50E-04
40E-04
30E-04
20E-03
30E-03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SFM|

1 5E+05
1 OE+00
1 OE+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E-01
7 3E+00
73E-01
73E-02
7 3E+00
73E-01

Total

Hazard
Index

NA
17E4
46E5
1 8E6
30E5
OOE+0
1 1E5
OOE+0
OOE+0
OOE+0

NA
OOE+0

NA
NA
NA
NA
NA
NA

26E4

Cancer
Risk

37E 10
44E 10
1 2E 10
39E 11
67E 10

NA
62E 10

NA
NA
NA
NA
NA

60E 11
64E 10
60E 11
37E12
1 9E 10
44E 11
32E9

Site MdAta Is T espass d rmal CTE 9/9/2003 1011 AM



Attachment A 34 13
Current Trespasser/Site Visitor

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI = (CS CF IR EF ED)/(BW AT,* RfD ral)

Where HI = Hazard Index (unitless)
CS = Concentration of Chemical in Soil (mg/kg)
CF = Conversion Factor (1 xlO"6 kg/mg)
IR = Soil Ingestion Rate for an Adult (mg/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration for an Adult (years)
BW = Body Weight for an Adult (kg)
AT^ = Averaging Time for Non Carcinogens (days)
R(D „, = Oral Reference Dose (mg/kg/day)

Equation 2 CR = (CS CF IR EF ED SF ^/(BW AT )

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxin TiEQ
PCB 1248t
PCB 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)lluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene

CS
3 40E 05

13
035
1 6
27
78
57

067
23
27
48

006
026
028
026
016
0081
019

CF
1E6
1E-6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

IR
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

EF
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

ED
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

BW
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT*. AT
3285 25550
3^85 25330
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550
3285 25550

RfDm,
NTV

<:uEOo
20E05
50E04
50E04
40E04
30E04
20E03
30E03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
1 5E+05
i OE+00
1 OE+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E02
7 3E+00
73E01

Total

Hazard
Index

NA
oE4

21E4
38E5
63E4
23E4
22E4
39E6
90E5
79E6

NA
23E6

NA
NA
NA
NA
NA
NA

22E3

Cancer
Risk

77E 9
20ES

53E 10
82E 10
14E8

NA
1 3E8

NA
NA
NA
NA
NA

29E 10
31E9
29E 10
1 8E 11
89E10
21E 10
43E8

Site w de sks xls T espasse -o al CTE 9/9/2003 10 H AM



Attachment A 34 14
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
--- Site Wide -

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI (CS CF AD AB EF AT,, RfD,,,,)
(haza d estimate assumes child only exposure)

Where HI Hazard Index (unitless)
CS Concentration ol Chemical in Soil (mg/kg)
CF Conversion Factor (1 x 10 kg/mg)
AD Adherence Factor lor Soil (mg/cm )
AB - Absorbed Fraction (unitless)

Surface Area of Exposed Skm for a Child (cm /day)
Surface Area of Exposed Skin for an Adult (cm /day)

EF Exposure Frequency (days/year) <
EDoHtt - Exposure Duration for a Child (years)

= Exposure Duration for an Adult (years)
, Body Weight for a Child (kg)
, Body Weight tor an Adult (kg)
Averaging Time for Non-Carcinogens (days)

Oral Reference Dose (mg/kg/day)

ED«
BW,,
BW.

Equation 2 CR (CS CF AD AB EPSF^
(cancer risk assumes child adult exposure)

Chemical
Dioxm TEQ
PCB 1248
PCB-1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Coppe
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dtoenz(a h)anthracene
lndeno(l 2 3-cd)pyrene

CS
5 50E 05

31
035
4 3
72

I 83

60
073
24
39
68

0079
036
048
035
021
016
025

Where

CF
1E6
1E6
1E6
1E6
1E6
1E6
IE-6
1E-6
1E-6
1E-6
1E6
1E6
1E3
1E6
1E8
1E6
1E6
1E6

CR Cancer Risk (unitless)
AT = Averag ng Time for Carcinogens (days)
SF<rt Oral Cancer Slope Factor (mg/kg/day)

AD
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

AB
003
014
014
003
003

0
003
0
0
0
0
0

013
013
013
013
013
013

SAdj
1 913
1 913
1913
1913
1913
1 913
1 913
1913
1 913
1 913
1 913
1 913
1913
1913
1913
1913
1913
1 913

SA ĵj, EF I
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350
3300 350

ECUu
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
8
6

ED«ut
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

BWcHu

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

BW.M,
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

, AT«
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190
2190

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

Rio,,
NTV

20E05
20E05
50E04
50E-04
40E-04
30E04
20E03
30E03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SF.,
1 5E 05
20E 00
20E 00
34E01
34E01

NTV
1 5E 00

NTV
NTV
NTV
NTV
NTV

73E01
73E 00
73E01
73E02
73E 00
73E01

Total

Hazard
Index

NA
07961225
0 0898848
00094654
0 1584907

0
00220126

0
0
0

NA
0

NA
NA
NA
NA
NA
NA

1 1E+0

Cancer
Risk

1 9E6
6 8 E 6
76E7
34E7
57E6

NA
21E6

NA
NA
NA
NA
NA

27E7
36E6
26E7
16E8
1 2E6
1 8E7
23E5

owld^^^i Reside t-d rnial RME



Attachment A 34 15
Hypothetical Future Resident

Estimated Risk for Ingestlon of Surface Soil
COPCs 0-0 5 Feet Below Ground Surface (BGS)

Reasonable Maximum Exposure (RME)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI - (CS CF IR**, EF EDa*d/(B\Na,u AT™ RfD ^)
(hazard estimate assumes child only exposure)

Where HI - Hazard Index (unrtless)
CS = Concentration of Chemical In Soil (mg/kg)
EF = Exposure Frequency (days/year)
EDchu - Exposure Duration for a Child (years)
ED«jj, Exposure Duration for a Adult (years)
BW^H Body Weight for a Child (kg)
BW ĵ, Body Weight fo an Adult (kg)
ATne - Averaging Time for Non Carcinogens (days)
CF = Con ersion Factor (1 x10"* kg/mg)
IRchk, So I Ingestion Rate for a Ch Id (mg/day)
IR.au, Soil Ingestion Rate fo an Adult (mg/day)
R D „, - Oral Reference Dose (mg/kg/day)

(IREquation 2 CR (CS CF EF*SF „, (
(cancer risk assumes child + adult exposure)

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF „, = Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxm TEQ
PCB 1248
PCB 1254
44 DDE
44 DOT
Antimony
Arson c
Beryllium
Ch omium
Coppe
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
5 50E 05

31
035
43
72
83
60
073
24
39
68

0079
036
048
035
021
016
025

CF
IE-6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E-6
1E6
1E6
1E6
1E6
1E6
1E6
1E6

I" hid
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

««
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

EF
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

ED u

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

EDd

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

BW w

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

BWd

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT

2 190
2 190
2 190
2190
2 190
2 190
2190
2 190
2190
2 190
2 190
2 190
2 190
2 190
2 190
2190
2 190
2190

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD»
NTV

20E05
20E05
50E04
50E04
40E04
30E04
20E03
30E03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SF,.,
1 5E+05
20E+00
20E+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
7 3E+00
73E01
73E-02
7 3E+00
73E-01

Total

Hazard
Index

NA
20E 0
22E 1
1 1E 1
1 8E 0
27E 1
26E 1
47E3
10E 1
1 2E2

NA
34E3

NA
NA
NA
NA
NA
NA

4BE+0

Cancer
Risk

1 3E5
97E6
1 1E6
23E6
38E5

NA
1 4E5

NA
NA
NA
NA
NA

4 1 E 7
55E6
40E7
24E8
1 8E6
29E7
87E5

Slla wide risks xls Resld t-oral RME 9/9/2003 1011AM



Attachment A 34 16
Hypothetical Future Resident

Estimated Risk for Dermal Contact with Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
— - - Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI (CS CPAD AB SA,,*, EPEDoHuVfeW,̂  KTn RfDM)
(hazard estimate assumes child only exposure)

Where HI Hazard Index (unrtless)
CS Concentration of Chemical in Soil (mg/kg)
CF Conversion Factor (1 x 10 kg/trig)
AD - Adherence Factor for Soil (mg/cm )
AB Absorbed Fraction (unrtless)

Surface Area of Exposed Skin for a Child (cm /day)
Surface Area of Exposed Skin for an Adult (cm /day)

EF Exposure Frequency (days/year)
ED ĵd Exposure Duration for a Ch Id (years)
ED«u Exposure Duration for an Adult (years)
BWd*, Body We ght for a Child (kg)
BW.u = Body Weight for an Adult (kg)
AT,, = Averaging Time (or Non-Carcinogens (days)
RfDrt = Oral Reference Dose (mg/kg/day)

Equation 2 CR (CS CPAD AB EF SFrt ((SA^
(cancer risk assumes child + adult exposure)

Where CR - Cancer Risk (unMess)
AT Averaging Time for Carcinogens (days)
SFjn, - Oral Cancer Slope Facto (mg/kg/day)

(SA^* ED«WBW««)))/(AT )

Chemical
D own TEQ
PCB 1246
PCB1254
44 DDE
44 DOT
Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluorantnene
Dibenz(a h)anthracene
lndeno(1 2 3 cdjpyrene

CS
340E05

1 3
035
16
27
78
57

067
23
27
48

006
026
028
026
016

0081
019

CF
1E6
1E6
1E6
1E6
IE-6
IE-6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E6
1E-6
1E6

AD
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004

AB SAeHM
003
014
014
003
003

0
003

o
o
o
o
o

013
013
013
013
013

440
440
440
440
440
440
440
440
440
440
440
440
440
440
440
440
440

013 1 440

SA^
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

EF
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

EDcMU
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

ED^
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

BWcMU

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

BW«
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT^ AT

2 190 25 550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550
2 190 25 550
2190 25550
2190 25550
2190 25550
2190 25550
2190 25550

RfD^
NTV

20E05
20E05
50E04
50E04
40E04
30E04
20E03
30E-03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SFW

1 5E 05
10E 00
10E 00
34E01
34E01

NTV
1 5E 00

NTV
NTV
NTV
NTV
NTV

73E01
73E 00
73E01
73E02
73E 00
73E01

Total

Hazard
Index

NA
34E2
90E3
35E4
60E3
OOE 0
21E3
OOE 0
OOE 0
OOE 0

NA
OOE 0

NA
NA
NA
NA
NA
NA

51E2

Cancer
Risk

55E8
66E8
18E8
59E9
1 OE7

NA
93E8

NA
NA
NA
NA
NA

69E9
96E8
89E9
55E 10
2 BE 8
65E9
49E7

Site wljĵ ^kls Resid t-d imalCTE 1011 AM



Attachment A 34 17
Hypothetical Future Resident

Estimated Risk for Ingestion of Surface Soil
COPCs 005 Feet Below Ground Surface (BGS)

Central Tendency Exposure (CTE)
Site Wide

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Equation 1 HI - (CS CF IR^u EF ED^KBVJaaa AT« RfD „,)
(hazard estimate assumes child only exposure)

Where HI Hazard Index (un Mess)
CS = Concentration of Chemical In Soil (mg/kg)
EF - Exposure Frequency (days/year)
EDAU Exposure Duration for a Child (years)
ED«dj, Exposure Duration for an Adult (years)
BW,*,,, Body Weight for a Child (kg)
BWUJI Body We ght for an Adult (kg)
ATn,. Averaging Time for Non Carcinogens (days)
CF Conversion Factor (1 xlO kg/mg)
!R»u Soil Ingestion Rate tor a Child (mg/day)
IR«M So I Ingestion Rate for an Adult (mg/day)
R D ,a Oral Refe ence Dose (mg/kg/day)

Equation 2 CR - (CS CF EPSF „, ((IRa,̂  EDcMl̂ BWcl,w)+(IR!lduj ED
(cancer risk assumes ch Id adult exposure)

Where CR
AT

Cancer Risk (unitless)
Averaging Time for Carcinogens (25 550 days)

Oral Cancer Slope Factor (mg/kg/day)

Chemical
Dioxin TEQ
PCS 1248
PCS 1254
44 DDE
44 DOT
Antimony
Arsenic
Beryll um
Chromium
Copper
Lead
Mercury
Benzo(a)anth acene
Benzo(a)py ene
Benzo(b)fluoranthene
8enzo(k)fluoranthene
Dibenz(a h)anthracene
lndeno(1 2 3-cd)pyrene

CS
3 40E 05

1 3
035
1 6
27
78
57
067
23
27
48

006
026
028
026
016
0081
019

CF
1E-6
1E-6
1E6
1E6
1E6
1E-6
1E-6
1E-6
1E-6
1E6
1E6
1E6
1E6
1E-6
1E6
1E6
1E6
1E6

IRchU

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

IR

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

EF
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

EDhM

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

ED d n

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

BW^
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

BW

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT,»
2 190
2 190
2 190
2190
2190
2190
2190
2 190
2190
2 190
2 190
2190
2190
2 190
2190
2 190
2 190
2190

AT

25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

RfD
NTV

20E05
20E05
50E04
50E04
40E04
30E04
20E03
30E03
40E02

NTV
30E04

NTV
NTV
NTV
NTV
NTV
NTV

SFOT

1 5E+05
1 OE 00
1 OE+00
34E01
34E01

NTV
1 5E+00

NTV
NTV
NTV
NTV
NTV

73E01
73E+00
73E01
73E02
73E 00
73E01

Total

Hazard
Index
NA

42E 1
1 1E 1
20E2
35E 1
1 2E 1
1 2E 1
2 1E3
49E2
4 3 E 3

NA
1 3E3

NA
NA
NA
NA
NA
NA

1 2E 0

Cancer
Risk

29E6
75E7
20E7
31E7
53E6

NA
49E6

NA
NA
NA
NA
NA

1 1E7
1 2E6
1 1E7
67E9
34E7
80E8
1 6E5

S la wld risks xls Resldent-o al CTE 9/9/2003 10 U AM



Attachment A-34-18
Summary of Cancer Risks and Non-Cancer Hazard Indices

Site-Wide
' St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

1 Hazard
CTE

Index
RME

Cancer
CTE

Risk
RME

Future Excavation/Construction Worker

Future Industrial/Commercial

t

Dermal
Ingestion
Total

Worker
Dermal
Ingestion
Total

0015
0085
010

0015
009
011

021
048
068

019
037
056

57E9
32E8
38E8

1 4E7
99E7
1 1E6

1 5E7
35E7
50E7

68E6
1 9E5
26E5

Current Trespasser/Site Visitor
1

Hypothetical Future Resident

Dermal
Ingestion
Total

Dermal
Ingestion
Total

0 00026
00022
00025

0051
1 2
1 2

0014
0018
0031

1 1
48
59

32E9
43E8
46E8

49E7
1 6E5
1 7E5

59E7
1 1E6
1 7E6

23E5
87E5
1 1E4

Site wide risks xls Risk Summary 9/9/2003 1011AM



Attachment A 34-19
Excavation Worker Site-wide
Central Tendency Exposure

St Louis Army Ammunition Plant (SLAAP)
St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical R view W kgro p f Lead Adult Lead C mmlttee

V rsl d te 05/19/03

••••HBifl^^^Hliwliii i mbi •
PbS

K etil/naiemil
BKSF

GSD
PbB0
IRS

IRw>
ws
KSD

AFS.D
EFS.D
ATS.D

"Pbi£
^PbB, a ,M

«PbB

P(PbBf,.,>PbB1).f

X
X
X

X

X

X

X

X

X

EBBI

E3
X
X
X

X

X

X

X
X

X

X
X

• •• ' fifea^ftiniofifiiStrBTTmlBsrtWJfta : - • . • f : 'ffjfflti. i
S tllud ce tr
F tal/m temal PbB rail
B lune SI pe Fact

Geora in tandardd PbB
Baselin PbB
S il inges rate ( 1 d g Id d tnd dus )
T ul gesti rate f d 1 and d d
W ghting fact fracti f IRS ingested as u)oo so 1
Mass fracti f so 1 dusl
Abs rpu fracti (same f il and dus )
Exp sure freq ency ( am f 1 and dus )
A crag g Urn ( am f il and dust)

PbB f adult w rlt geom tri mean

^ 95ttl percenttl PbB among f tuses f dull workera

T g t P b B l el fco cern(e.g lOug/dL)

Pr b blUtylh tf talPbB PbB assuml gl gn rmaldlstrlb d

g/g ppm
_

g/dLpe
g/dy
_

g/dL
g/d y

g /dy

_

d ys/y
d ys/yr

g/dL

g/dL

g/dL

%

MttVialuSIf.
JBfttJ>mg|fe
iGSDinrionS

246
09
04

218
153

0100

012
30

365

U
50

100

06%

TjNon'RgidMitiaHEicpSsure'
lu'aUujiUBBIIB^IlgtEj
•GSDISfTtBlllCsDlB1!! "fnl

246
09
04

2 18
1 53

0100

012
30
365

IS
50

100

067

246
09
04

2 18
153

0100
10
07
012
30

365

15
50

100

067

ScenarioBSfll

•o'siiiiniSll
246
09
04

2 18
153

0100
10
07
012
30
365

IS

50

100
067

Eq u 1 does t ppom expos re betwee I and d t gesti ( I des W K )
Wh IR IRs. and W 10 th eq u y eld th am PbB^

EquflU 1 based o Eq 1 21 DSEPA (1996)
PbB „, = (PbS BKSF IRs.D AF EF /AT ) + PbB

PbB „. ,= PbBriu,, (GSD, * R)

Eq 0 2 It rn I ppro chbsedo Eq 1 2 d A 191 USEPA (1996)

PbB PbS BKSF ([(1X5,0) AF EF W ]+[K (rRj.D) (1 W ) AF EFD]V365 PbB

(GSD, R)

S urce US EPA (1996) Recomm d b ra flh Technical R I w\V kgr pf U d
f an I teriroApp oach to Assesd g Risks Aaod ted with Ad It Exposures to Lead I S II Pn d 03/15/2004 4 O6PM



Attachment A-34 20
Excavation Worker Site-wide

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re I w W rkgro p fo Le d Adult Lead C mmlttee

V rslo d te 05/19/03 I I

f •' ''.'•:•". " " " • u • rati'v "]j .; ..- ' - ..- ! - - I.Jlili)

il " afasHK.'. . LSn!d2ai£
IHK^aHHKiai

PbS
RftuVrcwn,.]

BKSF

GSD,
PbB0

»s
IRs*D

Ws

KSD

AFS.D
EFS.D
ATS.D

v'pBSLu« "•
( " H'B'L.&s <_
> 1 <|PbB,«> ^
',SP(PbB ,/ipbB,)

X
X
X

X
X

X

X
X

X

fcjiSI* •*""
X
X
X

X
X

X
X
X
X
X
X

*x

|f|ii8BH|Hfii|f|B(B^^
PfflijHy^pffilrai^ffi^anflBlfBHiB
S U lead ce trau
Fetal/muemal PbB ran
B okineti SI pe Facto

1

Geom tn tandard d vi u PbB
Bas lin PbB
S il gesu rate (in 1 d g 1 de ed doo dus )
T tal gestl rate r id 1 and d dust
W ghting facto f acu fIRs. gested as tdoo sol
Mas facu f 1 d t
Abs rpu f u ( am f 1 and d )
Exp re freq y ( am f 1 and d t)
A ragi g um ( am f so 1 and d t)

f PbB fad Itw rV geom trl mean

95th p nt d] PbB am ng t fuses of adult work rs

T g t P b B l el f concern (tg 10ng/dL)

Pr b blllty th t f tal PbB PbB assoml g 1 gnormal dlstrlb d

mm
g/g ppm

1

g/dLpe
g /dy

g/dL

g/d y
g/day

d ys/y
d ys/yr

g«L

ug/dL

ug/dL

%

^fjSJMjEj Honnjnjpsui ijSfHci^ {[ Ij^GS Di PBJH [iiB|!£f{OSDiL JHctfli

246
09
04

218
153

0330

012
60
365

16
52

100

067

246
09
04

2 18
153

0330

012
60
365

16
52

100
067

246
1 09

04

218
153

0330
10
07
012
60
365

16

52

100

067

246
09
04

2 18
1 53

0330
10
07
012
60
365

16

52

100

067
Eq u I does t pp ru pew re belwee 1 and d t g u (a. I des W K )

Whe IR IR dW l O t h e q t i y Id th am PbB, M

Equatl 1 based Eq 1 21 USEPA (1996)
(PbS BKSF IRs. AF EF /AT ) + PbB

PbB (GSD, R)

Equatl 2 Iternat appro ch based Eq I 2, and A 191 USEPA (1996)

PbB-0]

PbBfcttl. „
a

=

PbS BKSF*([(IRj, ) AF EF

Pb

W

BI*V

MK (IRs.,

(GSD, Ui

>) d

R)

W ) AF EFD])/365+PbB

S iirct _US EPA (1996) Recomm daU ns fth Technical R 1 wW kgr pf Le d
f aq^^kiApp oach t Assess! g Risks Assod ted with Ad II Exposures to Lead I S II Prm^ /̂l'I5/200<U06PM



Attachment A-34-21
Site Worker Site Wide

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U S EPA Technical Re I w Wo kgroup for Lead Ad It Lead C mmlttee

V rsl d t 05/19/03

' ''.'hlMsSto • ':
HHii>iiiMiiiiiiHBH

PbS
R uIAnuonil

BKSF

GSD
PbB0

IRS
IRS

ws
KSD

AFs,D
EFS.D
ATS.D

^^PbB^

PbBfrtj,ojs
PbB

VP(PbBf a, > PbB,)

- JJSG) • • • . • • • : - ' ' • • : . . • • ' - ; ; • " • . ' ; : • " * • ill- .v - -'• |l ••:-..• ' Wta^rf.T?l?hrnjl^ttJ-?7(Tm)Ia^^
IstnT^M* ' . ' • ' * • • • . .-•'••• • • - • • • < ' • i l ' ' • • - asSai^nrfhTiri , : • | | - : • crateja
mm

X

X
X

X

X
X

X

X
X

fesa
X
X
X

X

X

X

X

X

X

X

X

•••IDScnpfaonTofyExp^ureB'arilBlcMBHBi
Soil lead ex ira
F lal/m lemal PbB ra
B fa U SI pe Facto

G m In landard d vi PbB
Basel PbB
S il ges rate ( 1 d g Id ed indoo dust)
T lal gesu rate f tdoo land d d
W ghungfacl fracu f IRs.D ingested as id 1
Mas frac f soil in dust
Absorp fracu (sam f soil and dus )
Eip ure fieque y ( am f il and dust)
A raging m ( am f il and dus )

- PbB fad Itw k geom trl me

VSthperce dl fbBam ngt fuses f adult workers

Targ tPbBl d fco cern(e.g 10 g/dL)

Pr b blllty th 1 r tal PbB PbB assuming 1 gnormal dlstrib tt

^KUSiSBB
g/g ppm

g/dLp
g/dy

g/dL
g/d y
g/d y

_

d ys/yr
days/yr

g/dL

g/dL

g/dL

*

jgSMEHwnl
48 1
09
04

2 18
153

0050

_
012
219
365

16
5.2

100
067

K6SD1SH'tH||CGSbii;n"ml
48 1
09
04

2 18
153

0050

012
219
365

16
52

100

06%

48 1
09
04

218
1 53

0050
10
07
012
219
365

16
52

100
067

ScenarlogB

gGSDinHSte
481
09
04

2 18
153

0050
10
07
012
219
365

16
52

100
067

Eq u 1 does t app rti exp n belwee 1 and dust ingesu (ex 1 d s W K )
Wh IR IRj, and W l O t h e q t i n s y t d t h am

Equatl 1 has d Eq 1 2 I USEPA (1996)
PbB Mn

PbB „. 5 =
(PbS BKSF 1R D AF EFj/AT ) PbB

PbB., „ (GSD, " R)

Equatl 2, II rn 1 ppro h has d Eq 1 2 and A 191 USEPA (1996)

PbB a =
PbB u. M =

PbS BKSF*([(K D) AF EF W] [K (KS.D) d W ) AF EF )V365+PbB

PbB.h,, (GSD, MJ R)

S ce US EPA (1996) R conune d ti IB fth Technical R vi w W kgr pf Lead
r an Interim App ch I Assess! ( Risks Assod ted with Ad It Exposu es to Lead I S II Pnnlcd 03/15/2004 4 06PM



Attachment A-34 22
Site Worker Site-Wide

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
US EPA Technical R

Ve si d t* OS/19/03

IMHBMHHH3SSJBiMkafflaiMi
PbS

*M uVmuenul
BKSF

GSD
PbB0

IRS

IRso
Ws

KSD
AFSD

EFS.
ATS.D

PblS)
•*

<- PbB
P!(PbBfL>PbBJ

1 wV

•m•ma
X
X
X

X

X

X

X

X

X

V kgro pf Le d Adult Lead Committee

191B55Jim
X
X
X

X
X

X
X

X
X
X

X

BBpappjaaiig
MiMi) tJU J u UuUBitllatpWaretaaViHBlgBIMB
S U lead centrati
F tal/m lemal PbB ra '
B la u SI pe Facto

Geometn landardd u PbB
Buelin PbB
S U gesu rate ( 1 d g Id ed doo dust)
T tal gesu rate f tdoo 1 and d dust
W ghti g facto free f IRs. gested as id 1
Mass f acu fsol dust
Ab rpu fracti (sam f 1 and dust)
Exp re fceq y ( am f 1 and dust)
A raging urn (sam f so 1 and dust)

^ PbB fad Itw ric geometri mean

9$Oi percentil PbB am ngf trnes fad Itw rkcn

T g t PbB It el fco cern( g, 10 g/dL)

Prpb bllityth t fetal PbB PbB assuming Ipgn rmaldlstrib Ho

t r IT - ' , . ' ' , '

msm
BBS5.1

g/g ppm

g/dLp
g / d y

g/dL
g/day
g/dy

d ys/y
d ysfy

g/dL

S/dL

g/dL

%

481
09
04

218
153

0100

012
250
365
17

5.5

100

087

BSon*R5i'df

481
09
04

2 IS
153

0100

0 12
250
365

17

S3

100
087

tesSOilHlHSml
48 1
09
04

218
153

0100
10
07

0 12
250
365

17

55

100

0.87

pii!ji
WesBErHetS

48 1
09
04

218
153

0 100
10
07
0 12
250
365

17

53

100

087
' Eq u 1 does 01 app ru posure betwee 1 and dust uigestio (ex 1 des W K )

When IR IRs. and W 1 0 ih eq uons y eld in am PbB, „ ]

EquaUon 1 based on Eq 1 2 In USEPA (1996)

(PbS BKSF IR.S.D AF EFj/AT D) + PbB

(GSD, " R)

EquaU 2 It mate pp ach based Eq 1 2, and A 19 1 USEPA (1996)
BKSF»([dRs.D) AF EF$ W ]+[K (Ks.D) (1 W ) AFD EF ])/365 PbB

PbB.*,,, (GSD, R)

EPA (1996) R nun d tt ns fth Technical R vi w W kg p f U d
App ch to Assess! g Risks Assod ted with Ad It Exposure to Le d 1 S II Pi^^W/IS;



Attachment A 34 23
Site wide Trespasser

Central Tendency Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
U.S EPA Technical Re I w W kgro p f L ad Adult Le d C mmltt

V rsi d te 05/19/03

I I'

HHH|H
I^BlxD^^^H\mm&m^l

PbS
Rf lal/mucmti

BKSF

GSD,
PbB
IRS

IRs+o
ws
KSD

AFS D

EFS,D
1 ATS.D

I „ PbB "^

Kpqu!
K~M

X

X
X

X

X

X

X

X
X

mm
X

X
X

X
X

X

X

X
X

X
X

S U lead centr u
Fcial/m lemal PbB rau
B ki u SI pcF to

C m in tandardd U PbB
Basel PbB
S U inges rate (ID 1 di g I den ed indoo dust)
T lal ges rate f id 1 and indoo dus
W ghti gf i frac flRs+o gesiedas d 1
Mas fracu f so 1 d st
Absorpu fracu (sam f so 1 and dus )
Expo re freq en y ( am f 1 and dus )
A raging urn ( am f 1 and dus )

PbB f ad It w rk geometrl mean

^ 95thp ra HI PbB am ngftuses f dultw rk rs

T g IPbBl el fco cern(e.g. 10 g/dL)

P b blUty th t f ul PbB PbB assumi g 1 gn rmal distrib tl

g/g ppm

g/dLpe
g / d y

g/dL
g/d y
g/d y

d ys/y
d ys/y

g/dL

g/dL

g/dL

%

•wvsiosif
••ysffigfe
lUSDtSHoml

481
09
04

2 18
153

0050

0 12
6

365

1.5
50

100

067

•GSDislHctl
481
09
04

2 18
153

0050

0 12
6

365

15

50

100
067

itialtExpfrsure

48 1
09
04

2 18
153

0050
10
07

012
6

365

1.5
50

100
067

SETriSrlSag

•GSDinHItlT

48 1
09
04

2 18
1 53

0050
10
07
012

6
365

15
5u

100

067
Eq 1 doe t pporti po re becwee 1 and dusl gesu ( 1 des W K )

W h I R IR and W l O t t i e q U y Id Ih am

EquaU 1 has d Eq 1 2 I LISEPA (1996)

PbB „ =
PbBfrtm, s =

(PbS BKSF IR AF EF /AT ) + PbB |

PbB«,ul, (GSD, " R) 1

Equ U 2, alt m t ppro h b d Eq 1 2, and A 19 In LISEPA (1996)
PbB „, = PbS BKSF*([(IR ) AF EF W ]+[K „ OR* ) (1 W ) AFD EF ])/365+PbB

PbB „. , = PbB.,., (GSD,* R)

S urcc US EPA (1996) R commend a m fth Technical R vl w W rkg pf Uad
f an I terlmApp ch to Assess! g Risks Assod ted with Ad It Exposures to U dl S II Pnnlrd 03/15/2004 4fl6 PM



Attachment A-34 24
Site-wide Trespasser

Reasonable Maximum Exposure
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Calculations of Blood Lead Concentrations (PbBs)
US EPA Technical R

V rsl d te 05/1 9/03

jE^g^M|̂ ^^M^^MjB|S

m^^?H8iJaiE^a^m
PbS

Reul/mu nuU
BKSF

GSD
PbB0

IRS

IRs+D
ws
KSD

AFS.D
EFS.D
ATS.D*z wm.^'

f ^ r u o s
PbB ,

^(PbBju^PbB,)

e 1 wV

iHiEqBmm
X
X
X

X
X
X

X

X

X

Vorkgro p f Lead Adult Lead Commute

m9
iSM

X

X i
X

X
X

X
X
X
X
X
X

N^HMiwauMGgggMaxwUHKfiBHMBHBHHHS™ f̂filSill8B[̂ »™*^™iWiHtm^^S^^Sst^^^SKm
S Ulead trail
Feul/m temal PbB rau
B ki u SI peFaci '

Geom tn tandard d vi PbB
Baselin PbB
S U guu rate ( 1 d g 1 derived i doo d t)
T tal gesu rate f tdoo 1 and d dust
W gh gf to frac riRj.o gestedas id 1
Mass fracu f il dusl
Ab rpu frac (same f 1 and dust)
Expo re freq cy ( am f 1 and dusl)
A rag g urn ( am f 1 and dust)

"•" PbB f adult w rk geom tri mean

95th p rce ttl PbB am nj f fuses f dull w kers

T r g t P b B I 1 rconce (tg, 10 g/dL)

Prob blUty..Ui If talPbB PbB ass ml gl pi rmaldJstrtb d
Eq ti 1 does t pporu pos re betwee s 1 and d t g u ( 1 d« W K5 )

When IR IR and W l O i r i e q a u n s y l d l h m PbB,.,,,

1 lh ! 1 ' 1 '1 1 t> * ^ | l i i ,1] 1

t l N , i | t

•Bmm
g/g ppm

g/dL per
g/dy

g/dL
g/d y

g/dy

d ys/yr
d ys/y

g/dL

g/dL

E/dL

%

m&vai;.5-.f,BifPiP
48 1
09
04

218
153

0100

012
12

365

1.5

50

100

067

•CCRmECWMBBuationjlgiag
•^rrif-rr' MX *i uKGSDl[3HaBt

48 1
09
04

2 18
1 53

0100

012
12
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EquaU 1 based Eq 1 2 In USEPA (1996)
PbB M =

PbB frtj. 5 =

Eq all 2 alt m t

PbB *j =

(PbS BKSF IRj, AF D EFj/AT ) + PbB

PbB^B (GSD, *° R)

ppro ch b sed Eq 1 2 nd A 19 1 USEPA (1996)
PbS BKSF»([(IR 0) AF EF W ]+(K (Ks D) (1 W, ) AFD EF j)/36S+PbB

PbB fl.,.o9s= PbB.h, (GSD,"5 R)

S urce US EPA(1»9O Recomm nd d to fth Technical R vlcwW kgr pf Lead
f q^^hriApp acht Assessing Risks Assod ted with Ad It Exposures to Lead I S II Pri^dJ3/l:/15/2u04 4 06PM



Attachment A-34-25
Site Wide

Residential Exposure to Lead
Calculated Blood Lead and Lead Uptakes from IEUBK Model Software

St Louis Army Ammunition Plant
St Louis Missouri

1 2
23
34
4 5
56
67

0034
0062
0067
0067
0093
0093

2755
3107
3007
2919
3088
3413

_0_
_0_
_0_
0

0

0382
0953
0996
1 022
1 069
1 13
1 151

1 111
1 763
1 771
1 783
1 331
1 201
1 135

4 152
5506
5935
5878
5385
5512
5792

23
23
22
21
1 8
1 7



Atta hment A 35-1
Johns n Ettl g R It for Site Wld Soil (w/ B m nt)

St Louis Army Ammunition Plant
St Lo Is Ml u I

D t Entry Sh t

CALCULATE RISK-EASED SO L CONCENTRATION (enter TI •YE? bo )

YES I I
OR

CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION ( ter VI E? to and Mtld sdl one below)

YES I X |

ENTER

Chemical
CASN

(numbers only
no dashes)

ENTER
Htl I
sod
one
d

(tig/kg)

71666 1.1.1 Trichlo than

ENTER

Averag
dl

rrper tur
T

CC)

ENTER
depth

below gr de
bolt m

f ndesed
spa floor

U
f m)

ENTER

Depth below
or d t top

f con mlno or
^

( m)

ENTER
depth below

gr d t botf m
f con amlnaflon
( Or aliuofO

II ol l» inknown)
U

( ml

1 13891 200 1 200 1 272.6

T must

TM kness
(sol
turn A,
h

( m)

ddup value
Thl knea

fsoll
tr tumB,

(En er vaue or 0)
hi

( m)

ENTER
L ( G28)

TM kn
(sop
lumC

(En er value or 0)
He

( m)

700 0 1 0

ENIEIt
Sdl
turn A

SCS
dltype

(us d m
a pa

p rm b^y)

ENTER

U er-d fined
rum

d vapo
OR perm W ry

k.
( m1)

SIC 1 1

MORE
*

MORE
*

ENTER
Str tumA

SCS
sdllype

t uuu^&K '.

1 P"«~"« J

1 SC

ENTER
Endcued
spa
Hoar

tti knesi
Loack
( m)

1 10

ENTER
Averaging

time for
ardnogenx

AT
<Vn)

1 70

ENTER
Str tumA

son dry
bulk density

(fl/ m")

1 1 38 1

ENTER

Sdl-Udg
pressur

dfferentlaL
if

(g/ m *>

\ to \

ENTER
Averaging

time far
noncoTclnogon

AW
(ml

\ » 1

ENTER
Str fumA
sdl td
par 4ty

"*
(urttl )

0 81 1

ENTER
Endosed
space
floor

length.
U

( m)

1000 1

ENTER

Exposur
dur tlon,

Ed
A»J)

m 1

ENTER
Sir tumA

oDw erfll d
por dry

-„

( m / m*>

0216

ENTER
End sed
tpa
floor

vAJth,
W

( m)

icmo

ENTER

Exposur
frequency

EF
(dovsArfl

Wl

ENTER
Str tumA
sdlorgonl

arbonfr fl a

(Lrttless)

ENTER
Sir turn B

SCS
sol] type
cxMjpaoa 1
Ptrimlr. J

0002 1

ENTER

End >ed
spa
height

H
( m)

*tr I

ENTER
T ge
it kfar

S

ENTER

R or-wall
earner k

width
w

( m)

01

ENTER
T ge hazad
qu It for

ENTER
Sir tumB

dldry
bulk density

fb
(g/ rrf)

1 166 1

ENTER

hdoor
dr chang

at
ER

d/h)

0?S 1

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Str turn B S turn B S turn B S turn C Str turn C Str turn C S rum C Sir turn C
dl td dlw erflll d oDagonl SCS dldry sdl to d llw t fll d sdlorgonl

por slty por slty orbonfr 1 r\ sdl type bulkderelty por s!ty por ity arbonfr Ion,
«V 1 OUUVOtt 1 Kb °w

(urt ss) ( m / m1) (urt ss) I ^ "*•" ) (a/ m1) (unlll ss) ( m / m5) (um ess)

0376 | 006 1 0002 1 S 1 1.66 1 0376 1 006 1 0002 1

ENTER
Aveog vapor

flow Int bldg
OR

L veU k cdcul t
Qni

gym)

1 6 1

ardnogenx none Imogen*
m

(urjtless)

l.nFrw 1

Used t leu!

FHQ
(urttlesi)

———— 1 ————

te n k-based
sod oncentr tlon



Attachment A 35 1
Johnson Ettlnger Results for Site Wide Soils (w/ Basement)

St Louis Army Ammunition Plant
~~ St Louis Missouri

Results Sheet 111 Trichloroethane

RISK BASED SOIL CONCENTRATION CALCULATIONS
1 1 1 Trichloroethane
1 10E+01 (ng/kg)

Indoor Indoor Risk based Final
exposure

soil
cone

carcinogen
(ua/ka)

exposure
soil

cone
noncarcinogen

(ug/kg)

Indoor
exposure

soil
cone

(ua/kcO

Soil
saturation

cone
CM,

(ug/kg)

Indoor
exposure

soil
cone
(us/kg)

1 NA 1 NA 1 NA 1 6 14E+05 1 NA 1

INCREMENTAL RISK CALCULATIONS

Incremental
risk from
vapor

Intrusion to
Indoor air

carcinogen
(unitless)

Hazard
quotient

from vapor
Intrusion to
indoor air

noncarcinogen
(unitless)

NA 36E-05

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

11TCA (with basement) (Table A 35 1).xls I o(1



Attachment A 35-2
Johnson Ettlnger Results for Site-Wide Groundwater (w/ Basement)

St Louis Army Ammunition Plant
St Louis Missouri

D la E tiy Sh I 11 Dlch] ro Uiyl

GWADV
/erslon 300

Reset to
Defaults

MO
+

MO
*

MOI
*

MOI

CALCULATE PJSK BASED GROUNDWATER CONCENTRATION (enter TC in -YES1 b x)
2/0:

CALCULATE IN

ENTER

Cheml d
CASNo

(numb onry
dashes)

| 75354

ENTER

RE A g
sol/

or undw tei
t mperatura

T

1 1369

ENTER
IE lr tumA

SCS
soltyp

( 00)04) son
Parame on

1 SIC

ENTER
!E E dosed

SDOC
floo

thickness,
Uoa

icmi)

1 10

!E ENTER
A ef oina

tim fa
caranogen

AT
fyr)

1 70

riN5~i

YES |

OR
CREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter V 1 "YES box and nitid groundw t on beta

YES | X

ENTER
Initial

groundw tei
con

<fg/D

| 3ACCM \

ENTER ENTER
Depth

be) wgr d
t bottom Depth
f endosed below grad

spac floor t water tabl
U Lwr

(cm) (cm)

1 2OO 1 2725

ENTER ENTER
tr VrA -n
soil dry sol t td

bulk density porosity

P "
(g/ m3) (unities )

1.38 1 0.481

ENTER ENTER
Endosed

Soil-bldg sp
p ssur floor

differenllot length
AP U

(g/cm *> (cm)

40 1 1000

ENTER ENTER
A gmg

lime fa Exposur
ncard ogen dur lioa

AW ED
(yrs) (TO)

30 1 30

Chemicd

1,1 Dichtoroethylene

ENTER ENTER ENTER ENTER ENTER ENTER ENTER
T lahmust dd p t du fL»,(ceOG28) Sal

Thckness
f al

tr tumA
h

(cm)

Thickness Thickness tr tumA U er-defi ed
f oil f dl Sal SCS tr tumA

tr turn B tr turn C tr turn SCS sofl typ soD apa
(E ter du aO) <E ter vakj or 0) directly ab soltyp ( edt tlm t OR perm ablty

ha he w ter tobl directly obo e soa vopa kv
(cm) (cm) (E ter A. B a C) w ter tabl p rm bO ty) (p""1^

272 S

ENTER
*i *ur «

ioB w ter fill &
porosty

6w
(cm /cm8)

0216

ENTER
Endosed
spoc
floo

width.
W

(cm)

1030

ENTER

Exp sur
fr quency

EF
(doys/vr)

350

0 1 0 A 1 SC SIC 1 1

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
•r -rS - n- -r r B -C VrC \,- C ~ C

SCS soO dry sol t td soBw t flllec SCS soil dry sol t td solw t fllec
soD typ bulk density paosiry paosity SOB ryp bulk dens ty paoslty pa Ity

[ oohupSoU p 6w ookii Sea p Ow

**"* " (Q/ m8) (un tl ) (cm /cm3) a"°T" (g/cm3) ( ties ) (cm /cm8)

1 1,5 043 1 03 | 15 1 043 03 1

ENTER ENTER ENTER ENTER
A g apor

E dosed Floo wal Ida flow t 1 t bldg.
spoc se m crack exch g OR
height width. ta Leav blank t cato 1 t

H, w ER Q«j
(cm) (cm) ijl/h^ (L/m)

366 1 01 0.25 1 5 |

ENTER ENTER
Targ 1 Target hazard
risk for qu lientfa

carcnogen ncard ogen
TR THQ

(unities ) (unities )

1 QE-06 1 _] __

U ed t odcul t risk-basec
or unctw t concentr rlon



Attachment A 35 2
Johnson Ettinger Results for Site Wide Groundwater (w/ Basement)

St Louis Army Ammunition Plant
———— St Louis Missouri- -

Results Sheet 1 1 Dichloroethylene

RISK BASED GROUNDWATER CONCENTRATION CALCULATIONS
1 1 Dichloroethylene
340E+01 rjig/L)

Indoor
exposure

ground water
cone

carcinogen
(lifl/L)

Indoor
exposure

groundwater
cone

noncarclnogen
(vail)

Risk based Pure Final
Indoor component Indoor

exposure water exposure
groundwater solubility groundwater

cone
(nail)

S
(ua/L)

cone
(ug/L)

NA NA NA 2 25E+06 NA J

INCREMENTAL RISK CALCULATIONS

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

Incremental
risk from
vapor

Intrusion to
indoor air

carcinogen
(unities)

Hazard
quotient

from vapor
intrusion to
Indoor air

noncarclnogen
(unitless)

1 NA 1 1 4E-03 1

ERROR Enter correct soil stratum directly above water table or depth to water table minus capillary fnnge thickness must be > depth to bottom ol door

Calculated capillary fringe thickness (cm) Is 192 31

| oil



Attachment A 35-3
Johnson Ettinger Results for Srte-Wide Groundwater (w/ Basement)

St Louis Army Ammunition Plant
St Louis Missouri

D t E try Sfc I 2 Dlchl ro th

GW ADV
/erslonSO 02

Reset to
Defaults

MO!
*

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter TO h "YES b x)
/O:

— > YES |
OR

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWA1ER CONCENTRATION (enla -X1 "YES b and hd gr undw t one belo\

YES | X

ENTER ENTER
Inlttd

Chemted g undw t
CASN cone,

(numbers only Cw
dashes) (waft)

| 107062 | 400E-01 |

ENTER ENTER ENTER
Depth

tE A er go below gr d
sol/ t bottom Depth

groundw ter fendosed below 0 d
femperatura spoc floa to wat table

T U Lw
(°C) (cm) (cm)

1 1389 1 200 1 2725

ENTER ENTER ENTER
! O!JF~] V-A -\ "r -/>
1 4- I SCS loJdry sol t td

sol typ bulk density paosity

MOt
*

MOC
*

( octajpSoll | p r r *
Par»™«i ] (g/cmS) (unities)

1 SIC 1 1.38 1 0.481

ENTER ENTER ENTER
E E dosed E dosed

spoc Sdl-bldg spa
floo p ss floo

thloknes dlfferentd. length
L»oc & L,
f^cm} (g/ m ^ (cm)

1 10 1 40 1 1000

E ENTER ENTER ENTER
A gtig A aging

Dm fa Hm fa Expoiur
oardnogen noncardnogen dur Hon.

AT AT« ED
(vnj (Vn) (yn)

1 70 1 30 1 30

DNO

Cheml d

1,2 Dlchloroethane

ENTER ENTER ENTER ENTER ENTER ENTER ENTER
T tds must dd p t vatu f l*r (ceB G28) Soil

Thickness llilckness h turn A U er-d fi ed
Thickness f al of dl Sal SCS h turn A

of al h turn B tr turn C tr turn SCS soJ typ soi apa
ft tumA (E ter du aO) (E tervoJu aO) directly ab sol typ (used t tun OR pern abOlty

h h, he w tec tabl c&ectly abo e sol pa k*
(cm) (cm) (cm) (t ter A B a O w ter tabl p rm bl ty) ^cm2)

2725 0 0 A 1 SIC SIC 1 |

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
~ A tr tur- B m mB m3 t i m ^ t r turn f" tr turn C *>h h m C

otv t fiEe( SCS sol dry sol t td sol wat ffflec SCS soil dry son t td sol w t ffflec
paosity sol typ bulk dens ty paosity paos ly sol typ bulk dens ty paosity paos ly

6u ootajpScfl p 6^ a*upSoll p 6w
(cm /cm3) •""• " (a/cm3) (unlN ) (cm /cm3) P«"n» t (o/cm3) ( lies ) (cm / m3)

0216 1.5 043 I 03 1 15 1 0.43 1 03 1

ENTER ENTER ENTER ENTER ENTER
E dosed A g apa

sp Endosed Floo wal 1 d a flow at 1 t bldg.
floor sp seam cr ck air exchang OR

width. height width, t Leav blank! col ul t
W H, w ER OK,

(cm) (cm) (cm) (1/W (L/m)

1000 366 01 0.25 1 5 |

ENTER ENTER ENTER
Targ t Targ (hazard

Expoiur risk for quote tfa
fr quency carcinogen ncardnogen

EF TR THQ
(day /v ) (unities ) (unities )

350 1.0E06 1

U ed t cdcul t rlsk-basec
aj undw t co entr H



Attachment A 35 3
Johnson Ettinger Results for Site Wide Ground water (w/ Basement)

St Louis Army Ammunition Plant
•—-- T St Louis Missouri

Results Sheet 1 2 Dichloroethane

RISK BASED GROUNDWATER CONCENTRATION CALCULATIONS
1 2 DicNoroethane
4 OOE-01 (jig/L)

Indoor
exposure

groundwater
cone

carcinogen
(ug/L)

Indoor
exposure

groundwater
cone

noncarcinogen

Risk based Pure Final
Indoor component indoor

exposure water exposure
groundwater solubility groundwater

cone
(ug/L)

S
(ng/L)

cone
(ug/L)

L NA NA NA I 852E+06 I NA

INCREMENTAL RISK CALCULATIONS

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

Incremental
risk from
vapor

Intrusion to
Indoor air

carcinogen
(unitless)

Hazard
quotient

from vapor
Intrusion to
Indoor air

noncarcinogen
(unitless)

5 IE-09 NA

ERROR Enter correct soil stratum directly above water table or depth to water table minus capillary fringe thickness must be > depth to bottom of floor

Calculated capillary fringe thickness (cm) Is 192 31

lot 1



Attachment A 35-4
Johnson ELttlnger Results (or Site-Wide Groundwater (w/ Basement)

St Louis Army Ammunition Plant
St Louis Missouri

D la E try Sh I C it) T trachl rid

CALCULATE RISK BASED GROUNDWATER CONCENTRATION (enter V In •YE? b x)

YES
OR

L
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter-X11 "YES box and nitial g undw tor con bdo\

YES

ENTER ENTER
Initial

Chemical grotrtoVater
CASN cone,

(numb only Cw
o dashes) Chemical

56235 ICOE+OD Carbon tetrachtorlde

ENTER

A ge
mi/

gr undW tor
t mper ture.

T

<°0

ENTER
Depth

bel wgrod
t b ttom

of endosed
spec floor

U
(cm)

ENTER

Depth
bel wgiode

t wot tcfcl
Lw

(cm)

1 1389 1 200 1 2725

ENTER ENTER
T tab must add p t alu

Thickness
f al

tr tumA
h

(cm)

Thickness
of dl

t tumB
(E ter atu of 0)

h,
(cm)

ENTER
flw,(ceIG28)

Thickness
f dl

tl tumC
(E ter alu or 0)

he
(cm)

2725 1 o 0

ENTER

Sal
ti turn

doectty ab
w lei tabl

(E tei A B or O

ENTER

SCS
soiltyp

cGrectty ab e
w ter table

A 1 SIC

ENTER
Sal

h tumA
SCS

soltyp
(used! tm t

sofl apa
p rm abilty]

ENTER

U ei-d fi ed
h tumA

soil pen
OR petrn ct>iSty

kv
(cm2)

SIC 1 1

V

MORE
*

MORE

END 1

ENTEK ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
fr ti m trot>mA "* tumA Sir tumA Sir tumB Sti tumB Sh tumB Sir tumB Sir tumC Sir tumC Sir tumC Sti tumC

SCS sol dry sol t td at w t «« SCS sol dry sol t td sol w t fiDec SCS sofl dry soil t td sol w t Wee
sol typ bulk density paoslty paoslty sol typ bulk density paos ty paosity sol typ bulk density porosity paoslty
ooKupsoi I p 1 1 * 6 , oowipSofl p
P""1""™ 1 (a/ m3) (unities) (cm /cm3) P~~"> to/cm*)

SC 1 1.38 1 0.481 1 0216 1 1.5

e. LootajfiSoi p ft,
(unities ) (cm /cm3) ™amg n (p/cm3) (un ties ) (cm /cm3)

043 1 03 1 1 15 1 043 1 03

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
E dosed E dosed Endosed A g apa

sp Sdl-bldg spac sp E dosed Floo wed 1 d a now t 1 t bldg.
floor p ssur flcoi floor sp seam ck or exchang OR

thlckn differential length. width. height width. la Leov bl kt cd It
La. tf L, W H, w ER O«,
(cm) (Q/cm *> (cm) (cm) (cm) (cm) (1/h) (Um)

1 10 1 40 1 10CO 1 1000 1 366 1 01 0.25 1 1 5 1

ENTER ENTER ENTER ENTER ENTER ENTER
A aging A aging Targ t Targ t hazard

flm fa Km fa Exp M Exp sur risk for quotient fa
carcinogens, noncardnogen dur tlan ft quency carcinogen no ooidnogen

AT AT ED EF TR THO
ft" ) ft" ) <Vn) (day N 1 (un ties ) (unities)

——— ZQ ——— 1 ——— JO ——— 1 ——— 30 1 3Sn l.OE-06 1 1

Usedt cdcul t risk b sec
gr undw te Co entr tlor



Attachment A 35 4
Johnson Ettlnger Results for Site Wide Groundwater (w/ Basement)

St Louis Army Ammunition Plant
— ~ - St Louis Missouri

Results Sheet Carbon Tetrachlorlde

RISK BASED GROUNDWATER CONCENTRATION CALCULATIONS
Carbon tetrachlorlde
1OOE+00 (ug/L)

Indoor Indoor Risk based Pure Final
exposure exposure indoor component Indoor

groundwater groundwater exposure water exposure
cone cone groundwater solubility groundwater

carcinogen
(iia/L)

noncarclnogen
(ua/L)

cone
(UP/L)

S
(ua/L)

cone
(ufl/L)

L NA MA NA 17 93E+05 NA

INCREMENTAL RISK CALCULATIONS

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

Incremental
risk from
vapor

Intrusion to
Indoor air

carcinogen
(unltless)

Hazard
quotient

from vapor
Intrusion to
indoor air

noncarclnogen
(unltless)

1 4 8E-08 1 NA 1

ERROR Enter correct soil stratum directly above water table or depth to water table minus capillary tnnge thickness must be depth to bottom ol door

Calculated capillary fringe thickness (cm) Is 192 31

loM



Attachment A 35-5
Johnson Ettinger Results for Site-Wide Groundwater (w/ Basement)

St Louis Army Ammunition Plant
St Louis Missouri

D B E try Sh I Chl rot rm

MORE
4>

MORE

CALCULATE RISK BASED GROUNDWATER CONCENTRATION (enter TC h -YES1 b x)

YES
OR

J

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter •)? I "YES box and I tlalg undw t one belw

YES I X |

ENTER ENTER
Initial

Chemical groundw t
CASN con

(numbe only C»
no dashes)____Qig/0 ______ Chemical

67663 Chloroform

ENTER

A ooe
I0«/

groundw t
t mper ture.

T
CO

ENTER
Depth

below gr d
t b ttom

of enclosed
sp fl or

U
(cm)

ENTER

Depth
bel wgrod

t w tertatH
Iw

(cm)

\ 1389 1 200 1 2725

ENTER ENTER
T tab must odd pt aru

Thickness
1 oil

tr turn A,
h

(cm)

Thickness
f dl

tr tumB
(E ler d aO>

h.
(cm)

ENTER
fU(ceDG28)

Thcttness
f al

tr fumC
(E ter alu orO)

he
(cm)

272.5 1 0 1 0

ENTER

Sal
h turn

cfectty ab
w lei labl

(E ter A. B or O

ENTER

SCS
soJtyp

directly ab e
w tertabl

A 1 ac

ENTER
Sal

tr turn A
SCS

soltyp
(usedt hm t

sol cpor
p rm bltv)

ENTER

User-d f od
tr tumA

sod apor
OR perm ablty

kv
(om5)

SIC 1 1

ENTER
turn A

scs
so!lyp
00(09 SCO

Parame «

ENTEP
rum A

soBoty
bulk density

p
(g/cm3)

ENTER
hji A

soil Id
porosity

n*
(unities )

ENTER
h tu A

loDw t fillet
paosity

6w
(cm /cm*)

ENTER
1

SCS
soSryp
ooh îSofl
wwrwtm

ENTER
•u

soB cfry
bulk dens ty

p
(g/cm3)

ENTER
-UTB

salt Id
porosity

(unities )

ENTER
- T W O

soDw t fill
porosity

a.
(cm / m3)

ENTER
0*TC

SCS
soltyp
ooku Sou
orem*

ENTER
t^rr. t~

soS dry
bulk density

P
(g/cm3)

ENTER

soil Id
por Ity

(unlit )

ENTER
•n<-

soil w t fUlec
porosity

a,
(cm /cm3)

0.481 I 0216 _L5 0.43

ENTER
E dosed

<r>
floor

thlcknes
Uoc,

(cm)

ENTER

Soil-bldo
pr ssur

differ enDd,
if

(g/cm ^

ENTER
Endosed
spoc
floor

length
L,

(an)

ENTER
Endosed
spac
floor

wHth.
W

(cm)

ENTER

E dosed
spoc
height

H,
(cm)

ENTER

Floor waD
seam ack

width
w

(cm)

ENTER

1 d or
air exohang

t
ER

(1/h)

ENTER
A ge por

flow t 1 t bldg.
OR

Leav blank t col ul
a.

(l/m)

t

ENTER
Averaging

tlm (a
carcinogen

AT
(Vrs)

1 70

ENTER
A glng

dm for
nonoard ogen

AT«
ftr)

I 30 1

ENTffi

Exp sur
dur Hon

ED
(y )

30

ENTER ENTER
Targ 1

Exposur Hskfor
frequency caranogen

EF TR
(day /y ) (unities )

1 350 1 OE-O6 1

Usedt catcul

ENTER
Targethazaid
quotient fa
noard ogen

IHQ
(unltless)

1

terlsk-bawc
aroundwater concenh tlo



Attachment A 35 5
Johnson Ettinger Results for Site Wide Groundwater (w/ Basement)

St Louis Army Ammunition Plant
__ St Louis Missouri

Results Sheet Chloroform

RISK BASED GROUNDWATER CONCENTRATION CALCULATIONS
Chloroform
1OOE+01 (ug/L)

Indoor
exposure

groundwater
cone

carcinogen
(ug/L)

Indoor
exposure

groundwater
cone

noncarclnogen
(ug/L)

Risk based Pure Final
Indoor component Indoor

exposure water exposure
groundwater solubility groundwater

cone
(ug/L)

S
(ug/L)

cone
(ug/L)

NA J_ NA NA I 792E+06 I NA 1

INCREMENTAL RISK CALCULATIONS

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

Incremental
risk from
vapor

intrusion to
indoor air

carcinogen
(unltless)

Hazard
quotient

from vapor
Intrusion to
Indoor air

noncarclnogen
(unltless)

I 2 OE-07 I NA I

ERROR Enter correct soil stratum directly above water table or depth to water table minus capillary fringe thickness must be depth to bottom of floor

Calculated capillary fringe thickness (cm) Is 192 31

0(1



Alt hment A 35 6
Johns n Ettlngo R ult f Slte-Wld s II ( I b n grad )

St Louis Army Ammunition Plant
St L ul Ml u I

D U Entry Sh t 1 ! T lehlorottian

SLADV
Version 3 0 02/03

CALCULAIE RISK-EASED SOIL CONCENTRATION (enter TTIn "YES1 bo )

YES
OR

L
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENIRATION (enter

YES

ENTEB ENTEB
Htlol

Chemical loll
CASN cone

(humben arty C,
noooshssl ____ (ufl/Vg)

I "YES1 bo ondlrtlfol dl one below)

1.1.1 TrlcHofoelhan

ENTEB

A og
sdl

temper tur
I

CO

ENTEB
Depth

below gr de
t b from
f endosed

space floor
U

( m>

ENTEB

Depth below
gr d top

fcont mlnatlon.
U

( m)

ENTEB
Depth below

gr d t tort m
f onamlnatloa
( tor ilu of

if al b unknown)
1̂

( m)

1 13891 16 1 16 1 2726

ENTEB
T must

Thl kness
fsoll

tr tumA,
h

( ml

ENTER
ddup value fL

IN kn
fsol
rum a

(Ent lue or 0) (E
h,

( m)

ENTEB
( eHG28)
m kness

rio
IT rum C
er ueorO)

he
( m)

16 0 1 0

ENTEB
Sdl
tumA

SCS
soil type

(us d tlm
ollvapo

D m blly)

ENTEB

use-d fined
tumA

d po
OR perm b ty

V.
( m1)

SC 1 1

ENTEB
Str tumA

SCS
dltypo

t da4>Bc* 1
[ '""»'" I

1 SIC

ENTEB
End sed
space
floor

tN kness.
Lo«4

( m)

ENTEB
Sir tumA

sdl dry
bulk density

"»
(Bl m1)

1 ,*, 1

ENTEB

Sdl-bldg
pressur

dffer tl L
AP

(o/ rn *)

ENTEB
Sir tumA
sdlt td
por dry

n"

(unjtl )

0 81

ENTEB
Endosed

spa
floor

length
L,

( m)

ENTEB
S tumA

dl water fl 1 d
por dry

9.
( m/ m3)

1 0216

ENTER
Enclosed

pa
Boor

\«Hdtn
W

( m)

ENTEB
Sir tumA
soltoreanl

carbon fr a

I
(unltless) \

1 0002 1

ENTEB

Endosed
spa
height

( m)

ENTEB
Str rumB

SCS
03 type

k

odavs* 1
Ft rMIKi 1

S

ENTEB

R or w
seamcr k

wl rh
w

f m)

ENTEB
S rumB

d dry
bulled nslty

(g/ m5)

1 1.66 1

ENTEB

ndoor
Or ohong

t
ER

(1/h)

ENTEB
Sir rumB
sdl d
por dry

(Lrill ssl

0376

L

ENTEB ENTEB
Str turn B S turn 6

d w er fl d d organ
par dry arbon fr a

( m / m3) (unj ss| I

1 006 1 0002 1

ENTEB
A er g vapor

flow mt bdg
OR

bl k cd J
°—

m ~

ENTER ENTER
Str rum C S rum C

SCS dl dry
d type tulkd rally
auosu ] ft

"" "" J to/ m3)

S 1 1.66

ENTEB ENTEB ENTEB
S rum C S rum C S rum C
sdl td ollw fll d sd aganl
poi slty por dry orbon tl a

^
(unities ) ( m / m5) furl )

1 0376 1 006 1 002 1

I END 1

_lfl_ _L in I 1000 -1000 366 J_ 0 1

ENTEB ENTEB ENTEB ENTEB
Averaging Averaging

lime for time for Exposur Exposur
ordnogens, noncardnogen du Boa frequency

Al AT« ro ff
(yrs)_______fyn)_______ftnj_______( oyiAQ

ENTEB ENTEB
T g t T get ha d

kfor qu fientfor
ordnogens, none dnogen

TR THQ
(Lrttless)____(unltl )

[ 70 1 .11} 1 30 1 360 1 OF-O6 1 1

U ed t coloJ to ri k-based
oil oncen Hon



Attachment A 35-6
Johnson Ettlnger Results for Site-Wide Soils (slab on grade)

St Louis Army Ammunition Plant
St Louis Missouri

Results Sheet 111 Tnchloroethane

RISK BASED SOIL CONCENTRATION CALCULATIONS
1 1 1 Trlchloroethane
1 10E+01 kg/kg)

INCREMENTAL RISK CALCULATIONS

Indoor Indoor Risk based Final
exposure

soil
cone

carcinogen
(ug/ka)

exposure
soil

cone
noncarcinogen

(up/kg)

indoor
exposure

soil
cone
(ng/kg)

Soil
saturation

cone
CM

(no/kg)

Indoor
exposure

soil
cone
(ug/kg)

i
1 NA 1 NA 1 NA 1 614E+05 1 NA 1

Incremental
risk from
vapor

intrusion to
indoor air

carcinogen
(unitless)

Hazard
quotient

from vapor
Intrusion to
indoor air

noncarcinogen
(unitless)

I NA 1 7 5E 05 I

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

|111TCA (slab on grade) (Table A 35 6)j(ls



Attachment A 35-7
Johnson Ettlnger Results tor Site-Wide Groundwater (slab on grade)

St Louis Army Ammunition Plant
St Louis Missouri

D ta 6 try Sh til Dlcfil ro thyl

CALCUIATE raSK-BASED GROUNDWATER CONCENTRATION (enta TCIn "YES b x)

MORE
4.

YES
OR

L
CALCUlATEINCREMENTALRISKSFROMACrUALSROUNDWATERCONC£NTRATlON(enta>)C -YES b

YES

ENTER ENTER
Initial

Chemical gr undw t
CASNo con

(number only Cw
dashes) (uo/D

d initial gr undw t on belcA

Chem al

76354 1.1 Dlchloroelhylene

ENTER

A erage
SOU

gr undwater
t mperatura

T
<°Q

ENTER
Depth

below grade
t bottom

of enclosed
spac floor

U
(cm)

ENTER

Depth
below gr d

t w tertabl
Uvr

(am)

1389 1 15 1 2725

ENTER
1 tab must

Thckness
of oil

tt tumA <f
h

(cm)

ENTER
dd pt atu

Thickness
f al

tr tumB
ter alu or 0)

h,
(am)

ENTER
<U(cellG28)

Thickness
( oil

tr tumC,
(E ter alu orO)

he
(cm)

2725 1 0 1 0

ENTER

Sal
tr turn

drectryab
w tertabl

(E terA.8 aO

ENTER

SCS
soityp

aVecflyab e
w tertabl

A 1 SC

ENTER
Sal

h tumA
SCS

soityp
(usedt Itn t OR

I apor
p rm b lirvl

ENTER

User-d f ed
tr tumA

soil vapor
perm abfflty

kv
(Cm'1

SIC | |

ENTER
Sfr lumA

SCS
soJtyp

Lcckup Son
anm/lwt

ENTER
Shot ""^

sol dry
b Ik density

P
(g/cm3)

ENTER
t* t1 m
salt td
porosity

n*
(unties )

ENTER
tr tumA

,01 w t Ba
porosty

8»
(cm /cm^

ENTER
tr tumB

SCS
iityp

LoXupScJ 1
Psrarna ws 1

ENTER
^tr tumB

sol dry
bulk density

P
(a/cm3)

ENTER
stf h rnR
salt Id
porosity

(unities )

ENTER
Sir h mB

soOw t flee
porosity

et,
(cm / m3)

ENTER
Sir tumC

SCS
soityp
ookupSoll
aranv

ENTER
Srr tumC

Idry
bulk d nslty

P
(g/ m1)

ENTER
Stratum C
soOt td
porosity

( fries )

ENTER
Sir tumC

sol w t fiDec
porosty

e^
(cm / m3)

_SIC I 0216 \ 03 IS

ENTER
E closed
spac
floor

thicknes
U,«
(cm)

ENTER

Sdrtjldg
pr ssur

dmaenHcl
AP

(g/cm °)

ENTER
Enclosed
spac
(loo

length.
U

(cm)

ENTER
Enclosed
spac
floor

width.
W

(cm)

ENTER

E closed
spac
height

H,
(cm)

ENTER

Floor wall
amcr ck
wWth,

w
(cm)

ENTER

1 d a
a exchang

t
ER

(1/h)

ENTER
A g apa

flow t 1 t bldg
OR

Leav blank! cdcul t
Q

(Um)

1 10

ENTER
A er rjfrig

Dm for
carcinogen

AT
(V )

1 40 1

ENTER
A gng

tlm for
noncard ogen

ATMC

(V 1

1000

ENTER

Exposj
dur Don

ED
(y )

| loco

ENTER

Exp sur
fr quency

EF
(davj/yr)

366

ENTER
Targ t
risk for

cddnogen
TR

(unities )

1 0'

ENTER
Targ t hazard
qu He tfoi

noncad ogen
THQ

(unities •)

1 70 1 30 1 30 1 350 IOEO6 1 1

Used! oalculat rlsk-basec
or undw ter concentr H

025 1 1 5 1



Attachment A 35 7
Johnson Ettinger Results for Site Wide Groundwater (slab on grade)

St Louis Army Ammunition Plant
St Louis Missouri

Results Sheet 1 1 Dichloroethylene

RISK BASED GROUNDWATER CONCENTRATION CALCULATIONS
1 1 Dichloroethylene
3 40E+01 (jig/L)

Indoor Indoor Risk based Pure Final
exposure exposure Indoor component indoor

groundwater groundwater exposure water exposure
cone cone groundwater solubility groundwater

carcinogen
(ua/L)

noncarclnogen
(ua/l)

cone
(ns/D

S
(uq/L)

cone
(ua/0

L NA NA NA 2 25E+06 NA

INCREMENTAL RISK CALCULATIONS

Incremental
risk from
vapor

intrusion to
Indoor air

carcinogen
(unities)

Hazard
quotient

from vapor
Intrusion to
Indoor air

noncarclnogen
(unltiess)

NA 82E04

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)



Attachment A 35-8
Johnson Ettlng r Results for Site-Wide Gr undw ter (slab on grade)

St Louis Army Ammunition Plant
St Louis Missouri

D taE IrySn t 1 2 OcH ro tha

CALCULATE RISK-BASED GTCOUNDWAIER CONCENTRATION (enter TC in VES1 b )

YES

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enta TCl "/Kb and nitial ground* t on belo\

ENTER

Cheoifcd
CASN

(numb r$ only
d shai)

ENTER
Initial

g undw t
cone.

Cw
ftig/1) Chem I

107062 ^ODE-PI 1,2 Dlchloroethane

ENTER

A age
sol/

grounoV ter
temperature

T

(°Q

ENTER
Depth

below grad
t bottom

of enclosed
spac floor

U
(cm)

ENTER

Depth
belowgr d

t w luitabl
Ut

(cm)

1389 1 IS 1 2735

ENTER ENTER
T tab must odd pt du

Thickness
of al

h tumA
h

(cm)

Thickness
of sal

IT lumB
(E tervahj otOJ

h,
(cm)

ENTER
fU(CelG28)

Thlckn »
of al

ft tumC
(E ter vahj or C&

he
(cm)

2725 1 0 0

ENTER

Sal
h rum

directly ab
w talabl

(E ter A, B a Q

ENTER

SCS
son typ

cfrectVab e
water tool

A 1 SC

ENTER
Sal

It fumA
SCS

sol typ
( edt rim t

soi opor
p rm bJltv)

ENTER

User-d fl ed
tr tumA

soil apor
OR perm aWly

k,
(cm2)

SIC 1 1

ENTER
Shalurr A

SCS
soltyp

LodO4>Sca
PrarwUn

ENTER
•r funA
sol dry

bulk density
p

(g/cm3)

ENTER
•nA

idr td
porosity

n*
(untless)

ENTER
-^

al wat fl3e<
porosity

8w
(cm /cm j

ENTER
S>r rr-B

scs
soltyp
oofcupsca

PararrMl r>

ENTER
tr I'm"
sol dry

bulk density
p

(g/ m^

ENTER
<;tr hmB
soil td
porosly

(unifle )

ENTER
Srr lumB

sojw 1 flee
porosty

EL
(cm /cm?

ENTER
Str lumC

SCS
soltyp
ocfcupSdl 1
warn* tre j

ENTER
Sir tumC
loildiy

bulk density
p

(a/cm3)

ENTER
Stratum C
loDt td
porosity

(unities )

ENTER
Sti tumC

soSw t (Use
porosty

9u
(cm /cm^

SIC 0216 043 03 15

ENTER
Enclosed

spa
floor

thlcknes
Uoo
(cm)

ENTER

SoMdfl
pr ssur

differ entlat
tf

(g/cm *)

ENTER
Enclosed
spac
floor

lenglh.
U

(cm)

ENTER
Enclosed
V
ftoo

width.
W

(cm)

ENTER

Enclosed
ipac
height

H.
(cm)

ENTER

Roo wan
am crack
width

w
(cm)

ENTER

1 door
or exchang

ate.
ER

(l/h)

ENTER
A g apor

flow t 1 t bldg
OR

leov blank 1 calcul
e.

f/mj

t

iom I 1000 I 366 01

I END I

ENTER
A glng

time for
carctnooen

AT
(yrs)

ENTER
A er ging

bm for
no carcinogen

AT.C
(vn)

ENTER

Exposur
dur Hon.

ED
(m)

ENTER ENTER
Tag 1

Exp sur rlskf
fr quency carcinogen

EF TR
(day Ml (un Has >

ENTER
Target hazard
qu lientfa
card ogen

THO
( Itles )

1 70 1 30 1 Xf 1 350 IOEO6 1

Usedt calcul

1

t rlsk-basec
or unaV ferconcentr hon



Attachment A 35 8
Johnson Ettlnger Results for Site Wide Groundwater (slab on grade)

St Louis Army Ammunition Plant
————————— St Louis Missouri

Results Sheet 1 2 Dichloroethane

RUSK BASED GROUNDWATER CONCENTRATION CALCULATIONS
1 2 Dichloroethane
4 OOE-01 (ug/L)

Indoor Indoor
exposure exposure

groundwater groundwater
cone cone

carcinogen noncarclnogen
(tia/L)_____(ufl/L)

Risk based Pure Final
Indoor component Indoor

exposure water exposure
groundwater solubility groundwater

cone S
(ug/L)

cone
(UO/L)

NA NA NA 8 52E+06 . NA

INCREMENTAL RISK CALCULATIONS

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

Incremental
risk from
vapor

Intrusion to
Indoor air

carcinogen
(unifless)

Hazard
quotient

from vapor
intrusion to
Indoor air

noncatcinogen
(unirless)

1 2 9E-09 1 NA I

0)1



Attachment A 35-9
Johnson Ettmger Results for Site-Wide Qroundwater (slab on grade)

St Louis Army Ammunition Plant
St Louis Missouri

D U E try Sti t C rbon T tradil rid

GWADV
/erslon30 02

Reset to
Defaults

MOI
*

d

MOI
4>

MOt
+

CALCULATE raSK-fiASED GROUNDWATER CONCENTRATION (enter TC In "YES b x)
/On *« 1

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL G

YES | X

ENTER ENTER
Initial

Chemical groundw t
CASN cone,

(numb ont/ Cw
dashes) ^Jg/L)

| 56235 | IOGE*0) |

ENTER ENTER ENTER
Depth

IE A g bel war de
sol/ t bottom Depth

Or undw t ofendosed bel warad
temperature, spa floor t wate total

T 1* Ui
fC) (cm) (cm)

1 1389 1 15 1 2725

ENTER ENTER ENTER
J a r-/-v ~ ™ ~ /

SCS sol dry sol t td
soil typ bulk density porosity

[ Lookup Sol 1 p n*
1 •"•"«• J (g/cm*) (unties)

1 SC 1 1.38 1 0.481

ENTER ENTER ENTER
E Enclosed E dosed

spa Sdl-bldg sp
flco p ssui floor

thicknei differential length
Uoc & U
(cm) (g/cm *) (cm)

1 10 1 -10 1 1000

E ENTER ENTER ENTER
A gfrig Ave odng

tlm for time for Exposur
carcinogen noncardnogen duration.

AT ATNC ED
(y ) (y ) (V )

1 70 1 30 1 30

1 END 1

.ROUNDWATER CONCENTRATION (enter -X1 i "YES

Chem at

Carbon tetrachlonde

ENTER ENTER ENTER
T tab must dd p t atu f Vn (cefl G28)

Thckness Thickness
Thickness f dl r al

of al tr tumB tr turn C
tr turn A. (Eter atu orO)(Eter atu aO)

h h, he
(cm) (cm) (cm)

272.5 0 1 0

ENTER ENTER ENTER

olwal met SCS sol dry
pa ty sol typ bulk density

(C ookupsoa p
(cm /cm*) ara™ •" (g/cm3)

0216 1 1.5

ENTER ENTER ENTER
E dosed

sp E dosed Floor won
floor spoc am crack

width. height width.
W H, w

(cm) (cm) (cm)
1

1000 366 1 01

ENTER ENTER ENTER
Targ t Targ t hazard

Exp sur rlskf quod tfa
fr quency carcinogen caa ogen

EF TR THO
(day /y ) (unities ) (unities )

350 10E-06 1 1

U ed t caloul t rlsk-baiec
fll undw t con entr H

b and initial or undw t one belcs

ENTER ENTER ENTER
Sal

tr tumA
Sdl SCS

tr rum SCS sol typ
directly ab sol typ (used t tim 1
w ter tab! diectty abo £ soi apor

(E ter A, 8 or Q w ter tabl p rm billy)

A 1 SC SIC 1

ENTER

U end fl ed
h tumA

soi vapor
OR perm btfiry

kv
(cm2)

1

ENTER ENTER ENTER ENTER ENTER ENTER
* r m B t f t ' n i B t r h m f " Str rum C Sir turn C Stl turn C
sol t t 1 sol w t fl SCS soil dry sol t td sol w t fdlec
paosity porosity soil typ bulk den ty paosty per ty

6w octal Scd
(un II ) (cm /cm*) «mmM»n

043 1 03 |

ENTER ENTER
A g apa

1 d a flow t 1 t bldg
cjr exchang OR

t Leav blank t cal ul t
ER Q,

(1/h) (l̂ m)

0.25 1 5 1

(g/cm3) ( lies ) (cm / m3)

15 1 043 03



Attachment A 35 9
Johnson Ettinger Results for Site Wide Groundwater (slab on grade)

St Louis Army Ammunition Plant
-1- - St Louis Missouri - - -

Results Sheet Carbon Tetrachloride

RISK BASED GROUNDWATER CONCENTRATION CALCULATIONS
Carbon tetrachloride
1 OOE+00 (jig/L)

INCREMENTAL RISK CALCULATIONS

Indoor
exposure

groundwater
cone

carcinogen
(ug/L)

Indoor
exposure

groundwater
cone

noncarclnogen
(ug/L)

Risk based Pure
indoor component

exposure water
groundwater solubility

cone
(ixg/L)

S
(ug/L)

Final
Indoor

exposure
groundwater

cone
hig/L)

Incremental
nsk from
vapor

intrusion to
indoor air

carcinogen
(unitiess)

Hazard
quotient

from vapor
Intrusion to
indoor air

noncarcmogen
(unities)

NA __NA NA 7.93E+05 NA 28E-08 NA

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

of 1



Attachment A 35-10
Johnson Ettlnger Results (or Site-Wide Groundwater (slab on grade)

St Louis Army Ammunition Plant
St Louis Missouri

D ta E try Sti t Chl rot rm

MORE
*

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X1 In -YES box)

YES I I
OR

CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (entw-X11 "YES1 box and Ira Hal gr dw I on belo\

YES I X |

ENTER ENTER
Initial

Chemical gr undw t
CASNo cone,

(numbe only Cw
dashes)____<|ig/L) ______ Chaml d __________

67663 | lOOE+01 | Chloroform

ENTER

A ef a
sol/

groundw te
t mper lure,

T

co

ENTER
Depth

below grade
tab ttam
fen doled

spac floor
U

(cm)

ENTER

Depth
bel war d

t w teitabl
Lwr

(cm)

1 1389 1 15 I 2725

ENTER
T tab must

Thickness
of oil

tr tumA. (E
h

(cm)

ENTER
dd pi alu

Thickness
f dl

tr tumB
ter oJu or 0)

h,
(cm)

ENTER
f 1* (ceC G28)

Thickness
of al

tl tumC
(E ter ahj or 0)

he
(cm)

2725 1 0 1 0

ENTER

Soil
h turn

directly ob
w tertabl

<£ tei A. B or Q

ENTER

SCS
sol typ

decttyab e
w tertabl

A 1 SIC

ENTER
Sal

h turn A
SCS

soil tvp
(usedt Hm t

soil apor
p rm bitty)

ENTER

Uer-d fl ed
tr tumA

soil apor
OR parm abOily

k,
(cm2)

SIC 1 1

ENTER
SI ru A

SCS
sol typ

Pvamal ra

ENTER
tr -!„
sol dry

bulk density
P

(g/cm3)

ENTER

soil td
porosity

n*
(unities )

ENTER

iOl w tei filer
porosty

a.
(cm /cm3)

ENTER

SCS
sol typ
ccfcu scd
mm re

ENTER
fr tumB
soil dry

bulk density
p

ENTER
Sir timB
soil td
porosity

(unities )

ENTER
Str turn B

so3w t fOlec
porosity

6.
(cm /cm3)

ENTER
Str tumC

SCS
soD typ
ockup SoD |
aramfi are 1

ENTER
Sir tumC

sol dry
b Ik den ty

P
(g/cm3)

ENTER
Sir tumC
soil td
porosity

( rte )

ENTER
Str tumC

soDw t fdec
porosity

a.
(cm / m3)

I 0,481 I 0216 |

ENTER
E dosed
spoc
floor

thlcknes
U.OC

(cm)

ENTER

Soil-bldg
pr ssur

oWerentld.
If

(g/cm ^

ENTER
E dosed
spoc
floor

length
L)

(cm)

ENTER
E dosed
spac
floor

width.
W

(cm)

ENTER

E dosed
spac
height

H,
(cm)

ENTER

Roo waD
seam crack

width.
w

(cm)

ENTER

1 door
av chang

t
ER

(l/h)

ENTER
A g apor

flow t 1 t bldg
OR

Leav blank t cd utat
Q,

(Urn)

10 40 I 1000 \ 01

ENTER
A er glng

Km fa
oardnogen

AT
(y )

ENTER
A aging

Hm fa
oardnogen

& )

ENTER

Exposur
dur Hen

ED
Q/ )

ENTER

Exp sur
fr quency

EF
(day/yr)

ENTER
Targ I
rlskf

oardnogen
TR

(unities)

ENTER
Targ t hazard
qu H tfa
ncardnogen

THQ
(unities )

1 70 1 30 1 .10 | 350 10E-O6 1

Uedt cdoul t
or undw 1 con

1

skbasec
enh It



Attachment A-35 10
Johnson Ettinger Results for Site Wide Groundwater (slab on grade)

St Louis Army Ammunition Plant
——_ — _ - st |_OU|S Missouri

Results Sheet Chloroform

RISK BASED GROUNDWATER CONCENTRATION CALCULATIONS
Chloroform
1OOE+01 fjig/L)

Indoor
exposure

groundwater
cone

carcinogen
(ua/L)

Indoor Risk based Pure Final
exposure indoor component Indoor

groundwater exposure water exposure
cone groundwater solubility groundwater

noncarclnogen cone S cone
(ufl/U (ua/U (UH/O (ua/U

I NA | NA | NA I 792E+06 I NA I

INCREMENTAL RISK CALCULATIONS

Incremental
nsk from
vapor

Intrusion to
indoor air

carcinogen
(unitless)

Hazard
quotient

from vapor
Intrusion to
indoor air

noncarclnogen
(unlttess)

1 IE 07 NA

MESSAGE AND ERROR SUMMARY BELOW (DO NOT USE RESULTS IF ERRORS ARE PRESENT)



Attachment A-36-1
Summary of COPCs, Exposure Point Concentrations and Toxicity Values

Site-Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Chemical
1 2 Diphenylhydrazine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene
Arsenic
1 1 Dichloroethene
1 2 Dichloroethane
Carbon tetrachlonde
Chloroform

units
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Maximum
Detect
35E4
66E5
92E5
99E5
1 9E4
1 3E4
77E5
1 1E4
78E3
34E2
40E4
1 OE3
1 OE2

Monitoring
Well

Location
08MW 01
08MW 02
08MW 02
08MW 02
08MW 02
08MW 02
08MW 02
08MW 02
08MW 01
02MW 01
02MW 01
02MW 01
02MW 01

Frequency
of Detection

2/13
13/13
13/13
13/13
13/13
13/13
13/13
9/13
13/13
1/13
1/13
1/13
1/13

Permeability
Constant3

(cm/hr)
1 3E2
47E 1
70E 1
70E 1
70E 1
47E 1
1 5E+0
1 OE+0
1 OE3
1 2E2
42E3
1 6E2
68E3

Subchronic
RfD0

b (mg/kg
day)
NTV
NTV
NTV
NTV
NTV
NTV
NTV
NTV

30E4
50E2
30E2
70E4
1 OE2

Subchronic
RfD,bc

(mg/kg day)
NA
NA
NA
NA
NA
NA
NA
NA
NA

57E2
1 4E3
70E4
86E4

SF0

(mg/kg day) 1

80E 1
73E 1
73E+0
73E 1
73E2
73E3
73E+0
73E 1
1 5E+0

NTV
91E2
1 3E 1
NTV

SF
(mg/kg day) 1

NA
NA
NA
NA
NA
NA
NA
NA
NA

NTV
91E2
53E2
NTV

NTV No toxicity value
NA Not applicable

For evaluation of site wide groundwater the maximum detected concentration was used as the exposure point concentration for both RME and CTE
8 Permeability constants for organic compounds from RAGS Part E Exhibit B 3 arsenic based on PC for water
b Chronic values were used if no subchronic values were available
0 Oral RfD values were used for evaluating inhalation of carbon tetrachlonde and chloroform

groundwaterrisks xls Data 9/10/2003 900AM



Attachment A-36-2
Future Excavation/Construction Worker

Estimated Risk for Incidental Ingestion of Shallow Groundwater
Reasonable Maximum Exposure (RME)

Site-Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Equation 1 HI = ((CW IR EF ED)/(BW ATTO)) (1/R,Dora,)

Where HI = Hazard Index (unitless)
CW = Concentration of Chemical in Water (mg/L)
IR = Water Ingestion Rate (L7day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
A^ = Averaging Time for Non Carcinogens ((365 days/year) ED)
RfDorai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = ((CW IR EF ED)/(ATc BW)) SF al

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical CW IR EF ED BW ATnc ATC RfDora, SF,oral HI CR
1 2 Diphenylhydrazine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)f I uoranthene
Chrysene i
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene
Arsenic
1 1 Dichloroethene
1 2 Dichloroethane
Carbon tetrachlonde
Chloroform

35E4
66E5
92E5
99E5
1 9E4
1 3E4
77E5
1 1E4
78E3
34E2
40E4
1 OE3
1 OE2

0002
0002
0002
0002
0002
0002
0002
0002
0002-
0002
0002
0002
0002

60
60
60
60
60
60"
60
60
60
60
60
60
60

1
1
1
1
1
1
1
1
1
1
1
1
1

70
70
70
70
70
70
70
70
70
70
70
70
70

84
84
84
84
84
84
84
84
84
84
84
84
84

25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

NTV
NTV
NTV
NTV
NTV
NTV
NTV
NTV

30E4
50E2
30E2
70E4
1 OE2

80E 1
73E 1
73E+0
73E 1
73E2
73E3
73E+0
73E 1
1 5E+0
NTV

91E2
1 3E 1
NTV

Total

OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
53E4
1 4E5
27E7
29E5
20E5
59E4

1 9E 11
32E 12
45E 11
48E 12
93E 13
64E 14
38E 11
54E 12
79E 10
OOE+0
24E 12
87E 12
OOE+0
91E 10

groundwatemsks xls RME Ingestion 9/9/2003 1 15PM



Attachment A-36 3
Future Excavation/Construction Worker

Estimated Risk for Incidental Ingestion of Shallow Groundwater
Central Tendency Exposure (CTE)

Site Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Equation 1 HI = ((CW IR EF ED)/(BW ATJ) (1/R,Doral)

Where HI = Hazard Index (unitless)
CW = Concentration of Chemic al in Water (mg/L)
IR = Water Ingestion Rate (L/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (year )
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens ((365 days/year) ED)
R|D0rai = Oral Reference Dose (mg/kg/day)

Equation 2 CR = ((CW IR EF ED)/(ATc BW)) SI oral

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical CW IR EF ED BW ATnc ATC RfD'oral SF,oral HI CR
1 2 Diphenylhydraztne
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene
Arsenic
1 1 Dichloroethene
1 2 Dichloroethane
Carbon tetrachlonde
Chloroform

35E4
66E5
92E5
99E5
19E4
1 3E4
77E5
1 1E4
78E3
34E2
40E4
1 OE3
1 OE2

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

30
30
30
30
30
30
30
30
30
30
30
30
30

1
1
1
1
1
1
1
1
1
1
1
1
1

70
70
70
70
70
70
70
70
70
70
70
70
70

42
42
42
42
42
42
42
42
42
42
42
42
42

25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550
25550

NTV
NTV
NTV
NTV
NTV
NTV
NTV
NTV

30E4
50E2
30E2
70E4
1 OE2

80E 1
73E1
73E+0
73E 1
73E2
73E3
73E+0
73E 1
1 5E+0
NTV

91E2
1 3E1
NTV
Total

OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
27E4
69E6
1 4E7
1 5E5
10E5
30E4

47E 12
81E 13
1 1E 11
1 2E 12
23E 13
1 6E 14
94E 12
1 3E 12
20E10
OOE+0
61E 13
22E 12
OOE+0
23E 10

groundwaternsks xls CTE Ingestion 9/9/2003 1 15PM



Attachment A 36 4
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Shallow Groundwater
Reasonable Maximum Exposure (RME)

Site Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Equation 1 HI = ((CW CF PC ET SA EF ED)/(AT BW)) (1/R,Doral)

Where HI = Hazard Index (unitless)
CW = Concentration of Chemical in Water (mg/L)
CF = Conversion Factor (L/cm3)
PC = Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
SA = Surface Area of Exposed Skin (cm2)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT,,,, = Averaging Time for Non Carcinogens ((365 days/year) ED)
R,Doral = Oral Reference Dose (mg/kg/day)

Equation 2 CR = ((CW CF PC ET SA EF ED)/(AT BW)) SFora)

Where CR = Cancer Risk (unitless)
ATC = Averaging Time for Carcinogens (25 550 days)
SForai = Oral Cancer Slope Factor (mg/kg/day)1

Chemical CW CF PC ET SA EF ED BW AT c ATe RfDora, SF rat HI CR
1 2 Diphenylhydrazme
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene
Arsenic '
1 1 Dichloroethene
1 2 Dichloroethane
Carbon tetrachlonde
Chloroform

35E4
66E5
92E5
99E5
1 9E4
1 3E4
77E5
1 1E4
78E3
34E2
40E4
1 OE3
1 OE2

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

1 3E2
47E r
70E1
70E1
70E 1
47E1
1 5E+0
10E+0
1 OE3
1 2E2
42E3
1 6E2
68E3

4
4
4
4
4
4
4
4
4
4
4
4
4

3300 60
3300 60
3300 60
3300 60
3300 60
3300 60
3300 60
3300 60
3300 60
3300 60
3300 60
3300 60
3300 60

1
1
1
1
1
1
1
1
1
1
1
1
1

70
70
70
70
70
70
70
70
70
70
70
70
70

84
84
84
84
84
84
84
84
84
84
84
84
84

25550 NTV
25550 NTV
25550 NTV
25550 NTV
25550 NTV
25550 NTV
25550 NTV
25550 NTV
25550 30E4
25550 50E2
25550 30E2
25550 70E4
25550 1 OE 2

80E 1
73E1
73E+0
73E1
73E2
73E3
73E+0
73E1
15E+0
NTV

91E2
1 3E1
NTV
Total

OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
35E3
1 1E3
75E6
31E3
92E4
86E3

1 6E 9
1 OE8
21E7
22E8
43E9
20E 10
37E7
36E8
52E9
OOE+0
68E 11
92E 10
OOE+0
66E7

groundwaternsks xls RME Dermal 9/9/2003 1 15PM



Attachment A 36 5
Future Excavation/Construction Worker

Estimated Risk for Dermal Contact with Shallow Groundwater
Central Tendency Exposure (CTE)

Site Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Equation 1 HI = ((CW CF PC ET SA EF ED^AT^ BW)) (1/R.D ^

Where HI = Hazard Index (unitless)
CW = Concentration of Chemical in Water (mg/L)
CF = Conversion Factor (L/cm3)
PC = Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
SA = Surface Area of Exposed Skin (cm2)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
ATpc = Averaging Time for Non Carcinogens ((365 days/year) ED)

Dose (mg/kg/day)

Equation 2 CR = ((CW CF PC ET SA EF ED)/(ATC BW)) SFoal

Where CR = Cancer Risk (unitless)
AT = Averaging Time for Carcinogens (25 550 days)
SF a, = Oral Cancer Slope Factor (mg/kg/day) 1

Chemical CW CF PC ET SA EF ED BW AT AT RfD SF HI CR
1 2 Diphenylhydrazine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(a h)anthracene
lndeno(1 2 3 cd)pyrene
Arsenic
1 1 Dichloroethene
1 2 Dichloroethane
Carbon tetrachlonde
Chloroform

35E4
66E5
92E5
99E5
1 9E4
13E4
77E5
1 1E4
78E3
34E2
40E4
1 OE3
10E2

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

1 3E2
47E 1
70E1
70E1
70E 1
47E1
1 5E+0
1 OE+0
1 OE3
1 2E2
42E3
16E2
68E3

2
2
2
2
2
2
2
2
2
2
2
2
2

200
200
200
200
200
200
200
200
200
200
200
200
200

30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1
30 1

70
70
70
70
70
70
70
70
70
70
70
70
70

42
42
42
42
42
42
42
42
42
42
42
42
42

2C550
2S550
2S550
2S550
2S550
25550
2 550
2 550
2^550
2^550
2)550
2b550
2r> 550

NTV
NTV
NTV
NTV
NTV
NTV
NTV
NTV

30E4
50E2
30E2
70E4
1 OE2

80E1
73E1
73E+0
73E1
73E2
73E3
73E+0
73E1
1 5E+0

NTV
91E2
1 3E1
NTV
Total

OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
OOE+0
1 1E4
33E5
23E7
93E5
28E5
26E4

24E11
15E10
32E9

34E10
65E11
30E12
57E9
54E10
79E11
OOE+0
1 OE12
14E11
OOE+0
10E8

groundwaternsks xls CTE Dermal 9/9/2003 1 15 PM



Attachment A 36 6
Future Excavation/Construction Worker

Estimated Risk for Inhalation of Volatilized Groundwater COPCs
Reasonable Maximum Exposure (RME) ~

Site Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Equation 1 VF «. = kLG/(kNH)
where
VF oc = volatilization factor of volatile organic compound
kLG = Aqueous mass transfer coefficient from the liquid phase to gas phase

for VOC of interest (m/sec)
k = Mixing factor to account for incomplete air exchange in trench (unitless)

1 N = Number of air exchanges per unit time in the trench (sec1)
H =Height of the trench (m)

Equation 4 HI = C , EF ED IR^ ET/fAT^ BW RfD h)
Where HI = Hazard Index (unitless)

EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
IH = Inhalation Rate (m3/hr)
ET = Exposure Time (hr/day)

! BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R(D| h = Inhalation Reference Dose (mg/kg/day)

assuming i
kus = 3 x 106 m/sec (conservative estimate of mass transfer

coefficient for VOC s from groundwater to air USEPA 1999)

Equation 2 N = u/L
where
u = wind speed (m/sec)
L = length of trench (m)

Equation 3 C , = CW VF x CF
where
C i = Concentration of the chemical in the vapor phase (mg/m3)
CW = Concentration of the chemical in the water phase (mg/L)
CF = Conversion Factor (L/m3)

Equation 5 CR = C^ EF ED IR , ET SF, h/(ATc BW)
Where CR = Cancer Risk (unitless)

AT = Averaging Time for Carcinogens (25 550 days)
SF, „ = Inhalation Cancer Slope Factor (mg/kg/day)'

Chemical CW K, k H L N VF, CF EF ED ET IH BW ATnc ATc RfD, SF, HI CR
1 1 Dichloroethene
1 2 Dichloroethane
Carbon tetrachlonde
Chloroform

34E2
40E4
1 OE3
1 OE2

3E6 05 3 30 45 015 1 3E 5 1E+345E460 1
3E6 05 3 30 45 015 1 3E 5 1E+353E660 1
3E6 05 3 30 45 015 1 3E 5 1E+3 1 3E 5 60 1
3E6 05 3 30 45 015 1 3E 5 1 E + 3 1 3 E 4 6 0 1

4
4
4
4

205
205
205
205

70
70
70
70

84
84
84
84

25550
25550
25550
25550

57E2
1 4E3
70E4
86E4

NTV
91E2
53E2
NTV

Total

67E4
32E4
1 6E3
1 3E2
1 6E2

OOE+0
1 3E10
1 9E 10
OOE+0
33E 10

grouni rnsks xls RME inhalation 9/9/200^1 15PM



Attachment A 36 7
Future Excavation/Construction Worker

Estimated Risk for Inhalation of Volatilized Groundwater COPCs
Central Tendency Exposure (CTE)

Site-Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis Missouri

Equation 1 VF „ = kLG/(kNH)
where
VF „. = volatilization factor of volatile organic compound
kLG = Aqueous mass transfer coefficient from the liquid phase to gas phase

for VOC of interest (m/sec)
k = Mixing factor to account for incomplete air exchange in trench (unitless)
N = Number of air exchanges per unit time in the trench (sec ')
H =Height of the trench (m)

assuming
ktQ = 3 x 10"6 m/sec (conservative estimate of mass transfer coefficient for

VOC s from groundwater to air USEPA 1999)

Equations N = u/L
where
v = wind speed (m/sec)
L = length of trench (m)

Equation 4 HI = C* EF ED IH ET/fAT^ BW RfD, „)
Where HI = Hazard Index (unitless)

EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
IH = Inhalation Rate (m3/hr)
ET = Exposure Time (hr/day)
BW = Body Weight (kg)
ATnc = Averaging Time for Non Carcinogens (days)
R,D, h = Inhalation Reference Dose (mg/kg/day)

Equation 5 CR = Ca EF ED IH ET SF, ^(AT BW)
Where CR = Cancer Risk (unitless)

AT = Averaging Time for Carcinogens (25 550 days)
SF, = Inhalation Cancer Slope Factor (mg/kg/day)'

Equation 3 Ca = CW VF „. CF
where
Co, = Concentration of the chemical in the vapor phase (mg/m3)
CW = Concentration of the chemical in the water phase (mg/L)
CF = Conversion Factor (Urn3)

Chemical CW KLQ H L N VF CF EF ED ET IH BW ATnc ATc RfD, „ SF, HI CR
1 1 Dichloroethene 34E2 3E6 05 3 30 45 015
1 2 Dichloroethane 4 OE 4 3E 6 05 3 30 4 5 0 15
Carbon tetrachloride 1 OE 3 3E 6 05 3 30 45 015
Chloroform 1 OE 2 3E 6 05 3 30 45 015

1 3E5
13E5
1 3E5
1 3E5

1 OE+3
1 OE+3
1 OE+3
1 OE+3

45E4
53E6
13E5
13E4

30
30
30
30

1
1
1
1

2
2
2
2

1 3
1 3
1 3
1 3

70
70
70
70

42
42
42
42

25 550 5 7E 2
25 550 1 4E 3
25 550 7 OE 4
25 550 8 6E 4

NTV
91E2
53E2
NTV

Total

2 1E 4
10E4
5 1 E 4
41E3
49E3

0 OE+0
21E11
31E11
OOE+0
52E11

groundwatemsks xls CTE inhalation 9/9/2003 1 15PM



Attachment A-36-8
Summary of Cancer Risks and Non-Cancer Hazard Indices

Site-Wide Groundwater
St Louis Army Ammunition Plant (SLAAP)

St Louis, Missouri

Hazard Index
CTE RME

Future Excavation/Construction Worker
Dermal 0 0003 0 0086
Ingestion 0 00030 0 00059

, Inhalation 00049 0016
Total

Cancer Risk
CTE RME

00055 0025

1 OE8
23E 10
52E 11
1 OE8

66E7
91E 10
33E10
66E7

groundwaternsks xls Summary 9/9/2003 1 15PM
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STATISTICAL METHODS FOR ESTIMATING 95% UCLs

Environmental exposure point concentrations (EPCs) are the exposure concentrations
used in assessing risks EPA (1992) defines the exposure term as the upper 95%
confidence limit (UCL) for the mean media concentration to which receptors could be
exposed By definition this EPC is statistically derived The following statistical
approach is presented in a flow chart format (Figure C 1 and Figure C 2) and is based
on recommendations made in recent publications (e g EPA 1997 Schulz and Griffin
1999 EPA 2002) and further evaluation of the referenced bootstrapping methods This
approach includes distribution testing to determine whether i dataset best fits a
parametric (i e normal lognormal) or non normal distribution and then applies the
appropriate statistical methods to calculate the mean and 95% UCL In the process the
lower of the maximum detected value and the 95% UCL is used to represent EPC

Data Usability and Adequacy of Samples

Datasets containing at least one detected value but fewer than 5 samples are considered
inadequate for distribution testing and the maximum detected value is used to represent
the dataset Datasets containing greater than 50% detection and 5 or more samples are
subjected to distribution testing

Distribution Testing
Distribution testing is performed on datasets containing 5 or more samples Data sets are
evaluated for the presence of non detects as discussed above prior to performing
distribution testing Data sets are separated into the following subgroups

1) data sets containing less than 50% nondetect values
2) data sets containing from 50% to < 100% nondetects and
3) data sets containing 100% nondetects

Distribution testing are performed on each data set containing less than 50% nondetect
values using all data Proxy values equal to one half of the leporting limit are used for
nondetect data Elevated reporting limits for nondetect values are evaluated as potential
statistical outliers using the extreme value (Dixon s) test in datasets of less than 25 and
using Rosner s test for datasets with samples sizes greater than 25 (EPA 2000) If such
reporting limits are found to be statistically significant outliers for the dataset and their
proxy value (l/2 of their reporting limit) exceeds the maximum detected concentration
reported within the dataset the maximum detected concentrations are used as their proxy
values for statistical evaluation

Where datasets contain 50% or more nondetect data the dataset is considered inadequate
to perform distribution testing and a non normal or mixed distribution1 is assumed

1 The potential interference associated with high levels of non detection is due to the potential for a
biomodal distribution due to a mixing of the analytical method s reporting limit(s) and the distribution of
the chemical concentrations -1 e the data set represents a mixture of two distinct statistical populations

I \16529173 SLAAPVRisk AssessmentXDraft Fmal\HHRA Tables and figuresUttachment C wnteup doc 3/17/2004 3 24 PM
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Distribution testing are performed using the following methodologies First the data and
the natural log transforms of the data are tested using the Shapiro Wilks test (w test) for
normality For data sets containing more than 50 samples the D agostmo s test (the D
test) is used The D agostmo test is an extension of the w test The w test is based on the
null hypothesis that the data are normally distributed The test is performed with a type I
error rate of 5% The type I error rate (shown as the p value in the w test) is the
probability of incorrectly rejecting the null hypothesis of normality In the w test a test
value < 0 05 results in rejection of the null hypothesis and it is assumed that the data are
not normally distributed For lognormally distributed data the log transformed data will
fit a normal distribution The w test for normality can be used to test data for lognormal
distribution using the natural log transforms of the data

The second method used is the Anderson Darling (A D) test for goodness of fit The
goodness of fit test differs from the w test in that the null hypothesis is that the data do
not fit a selected distribution Therefore the burden of proof in the goodness of fit test is
to show that the data provide a good fit to a selected distribution whereas for the w test
the burden of proof is to show that the data are not normal For goodness of fit tests such
as the A D test a p value greater or equal to 0 9 is an indication of a good fit (Schulz and
Griffin 1999)

The A D test provides a confirmation method of testing for a lognormal distribution The
results of the A D test for lognormal fit are used to corroborate the results of the w test
particularly in cases where the log transformed data appear not to be normal but the w
test p value indicates that the null hypothesis of normality cannot be rejected However
since the w test is reputed to be one of the most stringent test available for normality
(Schulz and Griffin 1999) the w test p value takes precedence over the A D test results
to identify non normal data _

Datasets that Fit A Normal Distribution

The population mean (u) is a measure of the central tendency of a distribution As such
it is an appropriate measure of the concentration in a medium (e g sediment) that a
receptor may contact throughout the duration of the assumed exposure The population
mean typically is estimated using the mean of sample data (i e the average) and an upper
confidence limit of the mean For datasets that are determined to fit a normal
distribution the 95% UCL is calculated using the Student t statistic with the following
equation (from EP A 1992)

where x = sample mean
s = sample standard deviation
to 05 n i = one sided t statistic for 5% type I error
n = number of samples
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Datasets that Fit a Lognormal Distribution

Datasets are considered lognormal where the w test is greater than 0 05 for log
transformed data sets and an Anderson Darling test probability greater than 0 90 The
95% UCLs are calculated using the h statistic as shown below (from EPA 1992a)

UCL9S — exp v

where y = mean of In transformed data
Sy = standard deviation of In transformed data
HO 95 n sy = h statistic for 95% confidence limit
n = number of samples

Besides the h statistical method for datasets that fit a lognormal distribution Schulz and
Griffin recommend that an alternative method specifically the Chebychev inequality
method be considered The Chebychev method provides an alternative to and check on
the h statistic and is considered a conservative estimate of the 95% UCL of a distribution
EPA (2002) also provides additional information about the use of the Chebychev
inequality to estimate the 95% UCL of log normally distributed data For log normally
distributed data the mean and standard error of the mean may be estimated using
Minimum Variance Unbiased Estimate (MVUE) equations presented in Gilbert (1987
pg 165) The Chebychev inequality 95% UCL has been shown to be more conservative
than UCLs calculated using the other methods described above (EPA 1999) Therefore
the Chebychev UCL provides a conservative estimate of the 95% UCL of lognormal data
and is used to evaluate whether the h statistic generates a 9f>v UCL that is unrealistically
large The Chebychev UCL equation is shown below

C/CL95 = //, + 447xo(//,)

where ui = Ln MVUE mean estimate (Gilbert 1987)
c(ui) = Ln MVUE mean standard error (Gilbert 1987)

EPA (1997) has correlated the generation of unrealistic 95% UCLs based on the use of
the h statistic with data sets that exhibit high coefficients of variation (CV) and small
sample sizes A high CV is also problematic for the Chebychev inequality The CV is
defined as the ratio between the standard deviation of the data and the mean expressed as
a percentage A high CV according to EPA (1997) is one greater than 100% To
correct for this EPA (1997) suggests the use of the Jackknife procedure in estimating the
MVUE of the lognormal mean To perform the Jackknife the MVUE of the mean is
calculated after deleting one observation at a time in sequence

2 The h statistic is only functional for standard deviations between 010 and 10 If the dataset standard
deviation is outside of the bounds the Chebychev and bootstrap methods are evaluated for use in lieu of the
h statistic methodology
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<t> = (n*MVUE )-[(«- V'MVUE- ]

Where MVUE, is the MVUE estimate after deleting the ith sample observation The
Jackknifed mean is then

n

The Jackknifed standard error of the MVUE is the sum of squares for the Jackknifed
estimates

The UCL is then calculated based on the t distribution and the Jackknifed standard error

95 ,*SEMVUE

This method is recommended when unrealistic UCLs are suspected from the use of the h
statistic on log normally distributed data - specifically when the CV is high (>100%) or
when the sample size is low (<30 observations)(EPA 1997)

Datasets that do not Fit either a Normal or Lognormal Distribution

Use of the equations shown above are inappropriate for datasets that through distribution
testing fit neither a normal or lognormal distribution or are based on a mixed
population of detects and nondetects Therefore alternative methods are used for
estimating 95% UCLs for datasets that are considered non normal Non normal data sets
provide a poor fit to normal or lognormal distributions and particularly occur where data
may be artificially skewed due to biased sampling or through the combination of samples
from different populations that occur within a single exposure unit The alternative
statistical procedures used for evaluating nonparametric distributions include

1) Bootstrap
2) Bootstrap t
3) Hall s Bootstrap t Transformation and
4) Jackknife

The major advantage of these methods is they can provide a robust approximation of the
UCL without having to make assumptions regarding an underlying distribution to the
data(EPA 1997) Any method can be used however the Jackknife method tends to be
more robust and more conservative (and thus preferred) on datasets with fewer samples
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(i e sample sizes less than 153) All of the bootstrap methods assume that the random
resampling of the dataset will result in a dataset (i e of bootstrap means t statistic or Q
statistic) that will be normally distributed or nearly so For high levels of bias the
bootstrap t is designed to normalize the resamples while if the raw dataset is highly
skewed Hall s transformation is designed to normalize the resamples

The underlying premise of normality for the bootstrap methods can be compnsed in
highly mixed datasets (i e those with very high levels of nondetects) or by the
presence of outliers within the dataset (see Frey and Burnrmster 1999 Kihan 1998 Kelly
1999) Outliers are particularly troublesome for the bootstrap methods causing violations
of the assumptions required for the Edgeworth expansions used in the t bootstrap and
Hall s transformed t (see Hall 1992 Davidson and Hmkley 1997) The presence of
outliers can actually increase or exacerbate the skewness observed in the parent dataset
within the resampled datasets and even cause complete method failure (where the 95th

percentile of the bootstrapped distribution is an empty set - see Hall 1992) Similarly if
the dataset contains a significant number of non detections whose proxy values are
constant the bootstrap resampled dataset can be of n sample s with exactly the same
value If this occurs there is no variance within the dataset and the bootstrap methods
will fail It has been observed that such failures occur most often in smaller datasets
(eg < 15 samples) when the percent detection is less than 50% A final salient issue
regarding the bootstrap methods is a high level of variability between simulations based
on small sample sizes especially in wide ranging datasets Under such circumstances
the jackknife method is far more stable (reproducible) and as such the preferred method

A basic discussion of these methods and the underlying assumptions of normality for the
resampled data is provided in Efron and Gong (1983) Hall (1992) Davidson and
Hmkley (1997) as well as by EPA (1997) with further discussion of the bootstrap
methods described in Schulz and Griffin (1999)

Bootstrap Methods The standard bootstrap bootstrap t and Hall s bootstrap t
transformation reflect a technique that involves random res impling with replacement of a
data set of size n to generate many additional simulated dat i sets of size n that may be
examined for variability or uncertainty (Schulz and Griffin 1999) The standard
bootstrap may provide confidence intervals that have less than nominal coverage
probability due to bias and skewness reflected in the data (Schulz and Griffin 1999)
Bias is defined as the relative difference between the raw d ita mean and the bootstrapped
mean Bias is not considered significant unless it exceeds 25% of the raw data variance
(e g see Efron and Gong 1983) Sample skewness can be tested for significance using
the methods presented in Gibbons (1994) If neither bias nor skewness is significant the
standard bootstrap is the preferred method because the bootstrap extensions such as the
Studentized (t bootstrap) and Hall s transformation (Edgeworth expansions) can result in
variable results The bootstrap t method is preferred when bias is high and skewness is
insignificant whereas when skewness is high Hall s transformation is the preferred
method

3 A sample size of 15 was selected as none of the validation exercises presented within the references have
evaluated sample sizes less than 15 (see also Frey and Burmaster 1999)
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The procedure for performing the aforementioned bootstrap methods for a data set
containing n samples is described below

i
Step 1 Calculate the raw data mean standard deviation and skewness

-raw —
n

SD..-••'--*

Where Xraw equals the mean of the raw data SDraw equals the standard deviation
of the dataset and v equals the skewness of the dataset

Step 2 Randomly select n samples (with replacement) from the original n data
1 and calculate the mean and standard deviation Repeat at least 1000 times

Step 3 Calculate the mean and standard deviation of each randomly drawn
resample of the data set Then calculated a W value as follows

-x »
SD

Where XBI and SD, are the mean and standard deviation of the ith resample of the
data set and Xraw is the mean of the original data set Repeat at least 1000 times

Step 4 Calculate the Q statistic as a function of W for Hall s adjustment for
skewness Repeat 1000 times

3 27 6xn

i Step 5 Rank the values W, and Q(W,) from smallest to largest

For the standard bootstrap calculate the bootstrap mean and standard error

it
Where it equals the number of iterations (resamples eg 1000) XBI equals the mean of
the ith resample and XGB equals the bootstrap mean The bootstrap standard error is
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°"n = -II , 1
=0

The standard bootstrap 95% UCL is then calculated using the z statistic

95%UCL = X GB + Z005 x <rfl

Considering the bootstrap t method the 50th ranked value4 of W is used to represent
to 05 m the following equation for the 95% UCL

95%UCL = X w-t005xSD

Hall s bootstrap t transformation proceeds by calculating the inverse of the Q(W)
function of the ordered Q(W,) values

3x- 1 + vx rg-v
I6xn j.

x -i
V

Here again if 1000 resamples were taken the 50th value represents the 5th percentile such
that the 95% UCL is calculated as follows

95%UCL = ~X w- W(Q)005 x SD w

These bootstrap approaches have the advantage that they do not rely on the assumption of
a special parametric form for the distribution of the population (EPA 1997) The
underlying assumption is however that the calculated XBI s t statistics (W, s) and
Q(W) s are normally distributed Subsequent to the bootstrap calculations the
distribution of the bootstrap statistics (Xsi s W, s and Q(W) s) is evaluated for departure
from normality using the correlation between the expected quantiles of the normal
distribution for the bootstrap output and the observed quantiles for the resampled datasets
(Qexpected Qobserved plots see EPA 2002) Such Q Q plots are considered one of the most
effective means of evaluating the bootstrap normality fit (see Davidson and Hinkley
1997) If the assumption of normality or near normality cannot be met the more robust
jackknife procedure is used (more robust in its sensitivity to departure from normality)

4 The 50th W value represents the 5A percentile given 1000 resamples
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Jackknife Method

The Jackknife procedure is similar to the standard bootstrap as described above When the
data cannot be defined as normal or lognormal and the sample size is below 15 the
Jackknife is preferred as a more reproducible method The jackkmfed mean and standard
error are calculated as follows

Step 1 n pseudovalues ($) are first calculated by leaving out each of the
observations i in turn

Step 2 The jackkmfed estimate of the mean is then

<D =

Step 3 The standard error of the mean is calculated as

SEmean ~

Step 4 The upper confidence limit of the jackkmfed mean is calculated as

UCLa = ® + t,a ,*SEm

SUMMARY OF METHODS FOR CALCULATING EXPOSURE POINT
CONCENTRATIONS

i
In light of the information presented above the following procedure for calculating EPCs
is used The following procedure reflects the methods recommended by EPA (1997
2002) and Schulz and Griffin (1999)

Step 1 Data Evaluation
Prepare summary statistics describing maximum and minimum concentration mean
standard deviation minimum reporting limits and percentages of detected
concentrations The number of samples is reviewed to determine whether a sufficient
number of samples is available for distribution testing

i
Step 2 Review of Nondetects and Distribution Testing

Data Sets Containing Greater than 50% Nondetect Values Data sets containing greater
than 50% non detects are considered nonparametnc and either the bootstrap or jackkmfe
statistical procedures is used to determine the 95% UCL If the sample size is below 15
the jackkmfe procedure is used If bias and skewness are low the standard boostrap is
used given high bias and low skewness the bootstrap t method is used and if skewness is
high Hall s transformed t bootstrap method is used The resampled dataset is further
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assessed for normality (i e the bootstraped mean t statistic and/or Q(W) statistic) using
normal Qexpected Qobserved correlation If the Q Q correlation is poor for either the
bootstrap t or Hall s transformed t bootstrap and if the fit is good for the standard
bootstrap the standard bootstrap method is used If none of the bootstrap methods are
found to be at least approximately normal the more robust jackknife method is used

Evaluation of Data Sets Containing less than 50% Nondetect Values
Data sets containing less than 50% non detects will be evaluated as follows

1 The detected values are tested for normality using the Shapiro Wilks test (w test)
For data sets containing more than 50 detected values the D agostmo s d test is used
A p value of >0 05 is used as the criterion to indicate thit the data are normally
distributed

2 An untransformed dataset that fails the w test or d test for normality is log
transformed and evaluated for lognormahty A p value of >0 05 is used as the
criterion in the test to indicate that the data are lognormally distributed If the result
suggests a lognormally distributed dataset the assumption is validated using the
Anderson Darling test If confirmed the dataset is treated as lognormally distributed
If not confirmed the dataset is evaluated using nonparametric techniques
incorporating lognormal theory

3 Data that do not fit either a normal or lognormal distribution are designated
nonparametric data

Step 3 Calculation of the 95% upper confidence limit

1 For normally distributed data (i e the underlying distribution of detected data is
normal) the arithmetic mean and standard deviation are calculated The Students t
statistic is used to calculate the 95% UCL

2 For lognormally distributed data

i If the CV is less than 100% the mean and standard deviation of the log
transformed data are calculated The 95% UCL is calculated using the h statistic
from EPA (1992) Also the Chebychev inequality equation for 95% UCL (EPA
1999) is calculated to validate the results of the h statistic The 95% UCLs from
both lognormal theory based equations are compared with the maximum detected
concentration If the 95% UCL based on the h statistic exceeds the maximum
concentration the lower of the maximum concentration or the Chebychev
lognormal 95% UCL value is used as the EPC

11 If the CV is greater than 100% then the jackknife procedure is used to calculate
the standard mean of the MVUE of the lognormal mean from which a 95% UCL
is derived

3 When a dataset passes the initial test for lognormality but fails the Anderson Darling
conformation test the nonparametric jackknife procedure is used to calculate the
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standard mean of the MVUE of the lognormal mean from which a 95% UCL is
derived

When the underlying distribution is nonparametnc then the entire data set including
nondetect proxies is considered nonparametric and the nonparametnc method (either
a bootstrap or jackknife method) for estimating the 95% UCL of uncensored data
described above is used to calculate the EPC following the procedures outlined for
data sets containing greater than 50% nondetect values
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TOJIGURE C 1
LOGIC DIAGRAM FOR SELECTING A PARAMETRIC METHOD FOR ESTIMATING THE 95% UPPER CONFIDENCE

LIMIT FOR SITE ANALYTICAL RESULTS

Are there Five or More
Samples

Go to Non Parametric
Approach Is Percent Detection >507

Go to Non Parametric
Approach Are the Data Normal or Log

Normal (W or D test)

Use Minimum Unbiased Estimator
of Mean and the Jackkmfed

derived MVUE Standard Error to
Derive a mean and UCL for EPCs

Can Log Normality be
Confirmed in Tails

(Anderson Darling Test)

Is the Coefficient of
Variance Less than 1007

and Sample Size >30

No Use Average and Maximum Detected
Concentrations as EPCs

Normal Use Parametric Method
(t statistic)

to Derive a mean and UCL for EPCs

Use Minimum Unbiased Estimator
of Mean and the Chebyshev

Inequality
to Derive a mean and UCL for

EPCs

Yes
Use Minimum Unbiased Eslimator of
Mean and Land s Method (H statistic)
to Derive a mean and UCL for EPCs



FTClJURE C 2
LOGIC DIAGRAM FOR SELECTING A NONPARAMETRIC METHOD FOR ESTIMATING THE 95% UPPER CONFIDENCE

LIMIT FOR SITE ANALYTICAL RESULTS

From Parametric Environmental Exposure Point
Concentration Flow Chart

Use Standard Bootstrapped Mean and
Hall s Adjusted Bootstrap Estimate of

the t statistic to Derive a mean and
UCL for EPCs

Use Jackknife Method to Derive a
mean and UCL for EPCs

Are there Fifteen or More
Samples

Use Standard Bootstrapped Mean and
Pivotal Bootstrap Estimate of the t

statistic to Derive a mean and UCL for
EPCs

Are Bootstrapped Q(Wi s)
Halls Method Normal

Is Raw Data Skewness
Significant

Are Bootstrapped Wi s
Pivotal Method NormalIs Bootstrap Bias Significant

Are Standard Bootstrapped
Means Normal

Use Standard Bootstrapped Mean and
Bootstrap Standard Error with the t

statistic to Derive a mean and UCL for
EPCs

Use Jackknife Method to Derive a
mean and UCL for EPCs


